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A New Physical Method for the Analysis of Gas Mixtures, 
especially those Consisting of Hydrocarbons,* 


By Dr. W. J. D. Van Dycx. 


The principle in this method is based on the difference in solubility of 
gases in a liquid. A special rectifying apparatus has been designed by means 
of which the gases are removed from the mixture to be analysed in order of 
their solubilities, starting with the most soluble. The apparatus is easy to 
handle, and for its working requires only cooling water and electric current. 

The method is Pratesscse F suitable for determining pentane, butane and 
propane in hydrocarbon mixtures. The results are accurate to within 
} per cent., whilst the minimum quantity of a component which can be identi- 
fied with certainty is about 2} per cent. 

Examples of analyses, both of hydrocarbon mixtures and other mixtures 
difficult to analyse by chemical means, are given. 


I. InrRopvUCTION. 


There has been a long-felt need in the petroleum industry for 
a simple method for determining the composition of gaseous hydro- 
carbon mixtures, such as natural, cracked and tank gases, this 
being of particular importance for the recovery of gasoline from 
these gases. Though for this purpose a complete analysis is not 
primarily necessary, the following data must essentially be known :— 


1. The percentage of hydrocarbons with five or more carbon 
atoms, which on extraction will yield stable gasoline and which 
are to be separated quantitatively as far as possible. 


2. The percentage of butane, preferably separated into normal 
and iso-butane, of which, as a rule, only a small proportion is 
permissible in the gasoline. 

3. The percentage of propane, this being chiefly of importance 
in judging the stabilizing process. 

4. The rest, i.e., the percentage of gases which are not easily 
condensable and in which CO,, O,, H,S and N, can be determined 
chemically. 

In the case of cracked gases it may also be desirable to know 
how the unsaturated compounds are divided among these four 
groups. 

Operators in the field have, as a rule, had to manage with various 
relatively rough and ready methods based on the absorptive power 
of active carbon, by means of which it is possible to determine 
more or less approximately the sum of the percentages mentioned 
under 1 and 2 above. For laboratory purposes, however, there 
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has been available for some years a very good method for obtaining 
a complete analysis of the gas by fractionation at low temperatures 
with or without rectification. This latter method has been 
developed to a high degree of precision, and the apparatus of 
Shepherd and Porter, and particularly that of Podbielniak, have 
already been adopted for many technical applications. For use 
in the field, however, these methods have several drawbacks pre- 
cluding their application on a large scale; the apparatus itself is 
rather complicated, but apart from this—and these are the main 
objections—the analysis takes a long time and liquid air has to be 
used in order to reach the necessary low temperatures. 


II. FUNDAMENTAL PRINCIPLES. 


In 1928 investigations were begun in the physical department 
of the Amsterdam laboratory of the Bataafsche Petroleum 
Maatschappij with the object: of devising a method which, while 
being free from these drawbacks, would still give a sufficiently 
accurate analysis. Firstly various indirect methods were tried 
out by which the percentages of the various components were 
calculated from a number of easily determined values, but all such 
methods had the disadvantage that sufficient accuracy could not 
be combined with simplicity of apparatus. Attempts were therefore 
made to find a direct means of separating the various components 
of the mixture one by one and determining their volumes. In 
this direction two courses were open, viz., to utilise the difference 
in rate of diffusion or to take advantage of the difference in 
solubility. 

The first course, already followed by Hertz and others in the 
separation of the rare gases, and described in several patents 
(e.g., of the Philips Electric Bulb Works at Eindhoven, Holland), 
is very intricate and not quite suitable for fractionation of the 
higher hydrocarbons, so that the second course seemed to offer 
the best chances of solving the problem. 

As an agent for absorption it seemed that in principle any heavy 
hydrocarbon obtainable in the pure state in a simple manner would 
be suitable, provided it is not present in the gas mixture to be 
analysed, or at least only in a negligible quantity. 

For the separation of the various components it was possible 
to try either to attain a sufficient degree of purity by repeated 
fractional solution or to apply a sort of rectifying solution. 

As in the latter method—which may be considered as a normal 
rectification in which only a heavy component is added to the 
liquid phase in order to reduce the working pressure—fewer 
manipulations are, as a rule, involved, this was chosen as being 


the easier and quicker method. 
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In the analytical rectification most commonly applied, first 
the lightest component is obtained, then the second lightest, and 
so on until the whole of the mixture has been split up into its 
components, which principle is applied, for instance, in the analysis 
of liquid hydrocarbon mixtures and also with the Podbielniak 
apparatus. But it is also possible to reverse the process, first 
segregating the heaviest component and then the lighter com- 
ponents successively, this procedure offering great advantages 
in the analysing of gases, and particularly so when the rectification 
has to be effected with a liquid as absorbent agent, for the 
following reasons : If the analysis is to be carried out under normal 
pressure, so that a simple glass apparatus can be used, thereby 
considerably reducing the risk of loss by leakage, and if at the same 
time the use of cooling agents is to be avoided, it is obvious that 
very little of the lightest components will be absorbed in the liquid 
agent and consequently the rectifying of these light components 
will take much more time than is required for the heavier com- 
ponents. Moreover, in the mixtures to be analysed there is generally 
an excess of these light components, i.e., the gases which are not so 
easily condensable, and consequently, if the lightest components 
are segregated first, the analysis will take a very long time, whilst 
the most important part, the analysis of the heavier components, 
comes last. By commencing at the other end, however, the per- 
centages mentioned in the beginning of this paper, sub. 1, 2 and 3, 
can be found in a relatively short time, and the rest (the 
gases which are not easily condensable) can be calculated by 
difference. 

In this latter method, the absorption liquid passes through a 
vessel containing the gas under analysis ; the solution of gas thus 
obtained flows down to the top of a rectifying column, and is stripped 
of the least soluble gases. The amount of gas absorbed is deter- 
mined by the decrease in total volume of the gas in the system, and 
in this way it does not become necessary to recover and measure 
the dissolved gas. 

In this indirect determination of the volume of gas drawn off, 
an error is in fact made, due to a quantity of gas being absorbed 
in the liquid phase in the column, which quantity diminishes as 
the rectification proceeds, but this error is only small, since one 
of the conditions for a good analytical rectification is that in the 
rectifying column less of the components to be analysed may be 
held in the absorption liquid than corresponds to the accuracy to 
be obtained ; thus, if an analysis is to be made accurately to within 
one half per cent., not more than 0-5 per cent. of the initial 
quantity of the mixture may be retained in the rectifying 


apparatus. 
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Fig. 2. 


APPARATUS FOR PHYSICAL GAS ANALYSIS. 
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The apparatus (Fig. 2) consists of the following parts :— 

1. Boiling bulb (about 500 ml.) for toluene, heated by an electric 
ring. (300-400 watt). 

2. Heater with coil provided with a small cock and drip outlet. 


3. Absorption tube in a water-cooled jacket, with a three-way 
cock for connecting up to the drying tube (9) or to the vacuum 
pump tube, and a standard stopcock for the absorption liquid. 


4. Boiling bulb for the absorption liquid, heated by an electric 
ring and provided with a regulating cock with two grooves. 


5 and 6. Condensers. 
7 and 8. Cooling tubes (fed with water). 


9. Drying tube (detachable), charged with calcium chloride and 
connected to the three-way cock of the absorption tube (3) by 
rubber tubing. 


10 Burette with graduated scale (0-250 ml.), drain cock at bottom 
and three-way cock at top for connecting up to (9) or to the tube 
through which the gas to be analysed is fed. 


11. Burette jacket filled with water to keep the burette at a 
constant temperature. 


12. Mariotte flask with drain cock, filling funnel and air vent, 
and connected to the burette by a rubber tube. 


13 and 14. Small filling funnels. 


C.S.=Cork stoppers. 
R.S.=Rubber stoppers. 


TITl.—MerEtHop oF ANALYSIS. 


With these considerations in mind the author designed an 
apparatus as illustrated in Figs. 1 and 2. 

A liquid phase is introduced by feeding into the top of the 
apparatus a heavy hydrocarbon in which the various components of 
the gas mixture will dissolve to a varying éxtent. The greater part 
of the dissolved gas is expelled again at the bottom of the spiral 
column by heating, establishing a gas phase flowing countercurrent 
to the liquid stream and thus effecting rectification. 

According to the principles of analytical rectification, the ratio 
of the gas remaining in solution at the bottom of the column to the 
gas dissolved at the top end must be greater than the degree of 
accuracy to be obtained, so that if the error is not to exceed 0°5 per 
cent. then more than 99-5 per cent. of the gas dissolved at the top 
must be expelled again at the bottom. If the right dimensions have 
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been chosen for the column and the fractionation is as sharp as is 
required for the desired degree of accuracy, the components of the 
gas mixture will be drawn off in solution at the bottom of the 
column in the order of their solubility, beginning with the component 
most soluble in the liquid agent, whilst the volume of gas drawn off 
can be determined indirectly at the top of the apparatus. 

First of all it is of primary importance that the pressure in the 
apparatus be kept constant at l atm., this being necessary to 
ensure not only a good rectification but especially a uniform influx 
and efflux of the liquid agent. 

To this end, and in view of the fact that gas is continuously 
withdrawn at the bottom of the column in the dissolved state, either 
the volume in the top end of the absorption tube has to be diminished 
or another gas has to be introduced to compensate that drawn off 
at the bottom. 

The first alternative, though not an insoluble problem, was 
technically impracticable, whereas the second solution can be applied 
without any harm to the rectification, provided the gas chosen is 
less soluble in the absorption liquid than the components of the 
mixture which are to be removed by rectification. Seeing that in 
most cases the rectification is not continued beyond ethane, air 
answers quite well for this purpose, and it is a simple matter to 
determine the quantity to be admitted in order to maintain a 
constant pressure in the absorption tube. 

The supply of this compensating gas (air) has been made entirely 
automatic, the air being supplied to the absorption vessel via a 
capillary tube from a burette into which water is led from a 
Mariotte flask. The water being under a constant pressure, adjusted 
to 1 atm., the air in the burette and also the gas in the absorption 
vessel are likewise under the same pressure. As rectification 
proceeds and gas is withdrawn from the absorption vessel, air 
flows in from the burette, this, in turn, being replaced by water from 
the Mariotte flask. Consequently the level of the water in the 
burette indicates how much gas has been withdrawn from the 
apparatus. Further, by using a three-way cock the same burette 
can be used to measure the quantity of the gas mixture to be 
analysed, the absorption vessel being previously evacuated via a 
second three-way cock with the aid of a simple hand pump. Since, 
as already stated, the presence of air in the absorption tube does 
not disturb the analysis, a high vacuum is not necessary. Care 
must be taken, however, by flushing a few times with air, that no 
traces of gas are left behind from previous analyses. 

Another point of difficulty was in connection with the volumetric 
determination. When the gas mixture in the burette is measured 
above water, it is, of course, saturated with water vapour, and as 
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this is not readily soluble in the heavy hydrocarbon used as liquid 
agent, in consequence of the rectification the water vapour will not 
be able to pass out of the apparatus as long as more readily soluble 
gases are present in the absorption vessel. Furthermore the air 
supplied to compensate for the gases drawn off is likewise saturated 
with water vapour when it leaves the burette, and as a result more 
water vapour is obtained in the absorption veasel than corresponds 
with saturation, so that condensation must take place on the walls 
of the absorption vessel, which, however, will seriously disturb 
the rectification, for every time a drop ct water falls into the 
rectifying column it will evaporate entirely at the bottom and 
suddenly displace the gases present there, with the result that a 
sudden excess of pressure may arise in the apparatus and disturb the 
regular influx and efflux of the liquid agent, even causing loss of gas. 

These difficulties have been overcome by fitting a small drying 
tube with calcium chloride (which does not react with cracked 
gases) between the burette and the absorption vessel; this tube 
must be closely charged so as to leave as little gas volume open as 
possible. After the absorption vessel has been charged with the 
gas mixture to be analysed the drying tube is scavenged with air to 
make certain that all gas measured in the burette reaches the absorp- 
tion vessel, after which the burette is scavenged and filled with air. 

As both air and gas mixture are measured wet, the analysis gives 
at once the volume percentages calculated on dry gas, without any 
correction being needed for the water vapour content. 

There is then the question as to how the dissolved gases are to be 
expelled from the liquid at the bottom of the column, As already 
stated, a very high percentage of these gases has to be expelled, 
and this cannot be done merely by raising the temperature on 
account of the varying influence of temperature on the solubility 
of the various gases, the ratio of which is reduced as the temperature 
is raised. 

These difficulties, however, can be overcome by using as a liquid 
agent a substance which has a relatively low boiling point, and 
heating this to just below its boiling point. The partial pressure 
of the vapour from the liquid will then form a large percentage of 
the total pressure, leaving for the gases only a small partial pressure, 
so that these will be expelled more by reduction of pressure than by 
increase of temperature, although the total pressure remains 
constant at 1 atm. 

A further consideration in selecting a liquid agent having a low 
boiling point is that this liquid must in any case be less volatile 
than the heaviest of the components occurring in the gas mixture 
in analysable quantities. A liquid agent answering these require- 
ments is toluene. 
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When a suitable reflux proportion has thus been obtained, it has 
to be ascertained how the gases drawn off can be identified. It is 
not the gas itself that is recovered, so that determination of specific 
gravity or such-like properties cannot be applied, and as a matter 
of fact this could not possibly be used as the quantities expelled 
are too small. Neither can the boiling temperature be determined, 
as is done in normal rectification. It is possible, however, to use 
their degree of solubility as an indicator. 

When the absorption liquid saturated with a certain component 
is withdrawn under absolutely constant conditions of temperature 
and pressure and the quantity of liquid required to remove | ml. 
of gas is measured, the solubility of the component can be deduced 
at once. The simplest way is to plot on a graph the quantities 
of liquid flowing out against the quantities of gas removed. As 
long as a pure component is drawn off the graph will show a straight 
line with a gradient characteristic for that given component, whilst 
the typical line for the next component will deflect from the pre- 
ceding one with a more or less sharp bend, according to the sharpness 
of the cut in the rectification. 

Further, since the dissolved quantities of the two gases in the 
intermediate stage between one fraction and another are propor- 
tional to their partial pressure, the exact moment of transition is 
found at the point of intersection of the extensions of the two 
straight lines. The characteristic gradients of the lines for the 
various gases must, of course, first be determined experimentally 
with known gases. Once this is done it is possible, even when there 
is too little of a component to give a straight line in the graph, 
to obtain a fair estimate of the quantity present by drawing tangents 
to the curve at the angles characteristic for each component and 
determining their points of intersection (when produced). The 
extent of the transition area thereby gives an indication whether 
or not an intermediate component is present and whether it is worth 
while producing a tangent at the angle characteristic for that 
intermediate component. 

Though simple in principle, this method of identifying the 
components withdrawn from the bottom of the apparatus demands 
great care and accuracy in keeping the temperature and pressure 
constant. Since the quantity of gas dissolved in the out-flowing 
liquid is proportional to the partial pressure of the gas at the bottom 
of the rectifying column, and this in turn is equal to the difference 
between the pressure in the apparatus, i.e., the atmospheric pressure, 
and the vapour pressure of the liquid heated to just below the 
boiling point, it is evident that the least variation in temperature 
(of say 0-1°C.) or pressure—for instance, in consequence of a 


change in the barometric pressure—will noticeably affect the 
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quantities of gas dissolved and consequently the characteristic 
gradients of the lines in the graph. The bottom of the rectifying 
column, therefore, is heated by means of a vapour which likewise 
condenses at atmospheric pressure, e.g., a pure hydrocarbon of 
the same nature as the liquid agent, but with a slightly lower boiling 
point. In this way it is quite easy not only to obtain a temperature 
remaining constant at a constant atmospheric pressure, but also 
to ensure that with varying barometric pressure the temperature 
of the condensed vapour changes in such a way as to keep the 
relation of the vapour pressure of the liquid agent to the total 
pressure likewise constant. As with the fluctuations here taking 
place the direct influence of temperature on the solubility is not 
great, the number of grammes of gas dissolved in 1 ml. of liquid 
will be approximately proportional to the barometric pressure, 
and as the volumetric measurement of the gas is likewise made 
at atmospheric pressure, the characteristic gradients will also remain 
approximately constant ; only approximately, because the gradients 
will always be slightly affected in such a way that at a high baro- 
metric pressure fewer ml. of gas will dissolve in 1 ml. of the liquid 
agent than at a low barometric pressure. 

It is no easy matter to find two liquids which are both inexpensive 
and easily obtainable in an absolutely pure state and which at the 
same time differ only a little in boiling point. Moreover, even if 
two such liquids were available it would only be possible to work 
with a certain reflux proportion determined by the nature of these 
liquids, so that this proportion could not be adjusted in order to 
establish the most favourable conditions of rectification. Instead, 
however, of using two pure liquids, it is possible, without disturbing 
the rectification, to take a mixture of a pure substance and a little 
of a much higher boiling liquid, since the boiling point of the 
mixture can then be raised at will and the vapour of the pure 
substance itself can be used for heating. In this way any desired 
ratio of the vapour pressure of the mixture to the total pressure 
can be obtained, and consequently the proportion of reflux can 
easily be adjusted. Further, for the high-boiling admixture it is 
best to select a substance which is still fluid at room temperature, 
in order to avoid clogging up of the tubes through crystallization 
when the apparatus is not in use. 

For this purpose nitro-benzene has been chosen, as answering 
all these requirements. A mixture of 1000 ml. pure toluene and 
100 ml. nitro-benzene has been found to be quite satisfactory for 
most purposes. For an accurate analysis the greatest care has to 
be taken to see that the toluene is pure ; the initial and final boiling 
points of the A.S.T.M. distillation may not vary more than two 
degrees and at least 95 per cent. must distil over exactly at boiling 

















154 DYCK : ANALYSIS OF GAS MIXTURES. 


temperature. The nitro-benzene should also be tested for purity 
by an A.S.T.M. distillation, though for this product the require- 
ments need not be so stringent. By rectification of the used liquid 
it is quite easy to recover the pure substances and mix them anew. 
It is inadmissible, however, to try to remove the dissolved gases 
from the used liquid merely by boiling on a reflux cooler; the 
light hydrocarbons and the gases which are not easily condensable 
are, it is true, entirely expelled in this way, but of the heavier 
hydrocarbons some traces always remain in solution, which make 
the liquid unsuitable for further use. 

Dissolved air should likewise be removed from the liquid agent 
before the latter is admitted to the absorber-rectifier system, 
because otherwise during the analysis of the hydrocarbons it would 
be expelled during the rectification process as a gas which is not 
easily condensable, and less air would be drawn in from the burette 
than normally would be required to maintain a constant pressure 
in the apparatus, as a result of which too low percentages of 
hydrocarbons would be found. In the case of the lower hydro- 
carbons there may even be an excess of pressure in the apparatus, 
which will disturb the whole analysis, since at room temperature 
more air is dissolved in the liquid agent than the quantity of the 
methane or ethane gases remaining in solution at the temperature 
of boiling toluene. In order to remove all the air it has been found 
necessary to have the liquid agent constantly boiling, the vapour 
ascending to a reflux cooler, and to conduct the liquid into the recti- 
fying column without bringing it into contact with air or any other 
gas. It appears that just one transfusion of deaerated liquid or 
the fact of the cold liquid being allowed to come into contact with 
air for only a short time, is sufficient to cause an error in the 
analysis through air being dissolved in the liquid, which at once 
manifests itself in a deviation from the characteristic gradients 
of the straight lines in the graph. The reflux cooler must, of course, 
be of ample capacity to allow the mixture of toluene and nitro- 
benzene vapour to condense entirely, so as to make sure that the 
proportions of these substances do not change. 

The absorption liquid is admitted into the absorption vessel 
in such a way that the liquid flows down on one side, so that the 
absorption of the gas takes place at this side. As a specific gravity 
differential arises in consequence of the absorption a circulating 
current will be set up in the absorption vessel, which greatly assists 
diffusion, with the result that the gas mixture remains sufficiently 
homogeneous all the time. 

The rate at which the liquid agent may be allowed to flow through 
the apparatus is governed on the one hand by the necessity of 
keeping the gas mixture in the absorption vessel sufficiently 
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homogeneous, thus fixing the maximum limit of velocity, whilst on 
the other hand it is limited by the diffusion in the rectifying column, 
seeing that, in consequence of the rectification, differences arise 
in the concentrations in the gas between various points of the recti- 
fying column, which differences the diffusion tends to neutralise. 
If, therefore, the rate of rectification is reduced gradually—which 
normally would make the rectification more and more favourable— 
a limit is reached below which the diffusion in the longitudinal 
direction of the rectifying column begins to predominate and the 
rectification becomes less sharp. In analysing butane and propane 
a rate of 1 ml. per minute has been found to be the most satis- 
factory. 

The rectifying column should have as small a diameter as possible, 
but is limited to the capillary forces of the liquid, because if the 
column is too narrow it is no longer possible for streams of gas and 
liquid to flow past each other uniformly. The apparatus should 
never be evacuated and charged with gas without. some liquid 
being present in the rectifying column, because otherwise when the 
first drop of the liquid agent flows into the héated part so much 
vapour will be evolved as to set up an excess of pressure in the 
apparatus, gas thereby escaping through the tube through which 
the liquid agent should flow. It will further be noticed from the 
drawings that the rectifying column is almost entirely immersed 
in the toluene vapour. It is better to do this, because it takes some 
time to heat the liquid and evaporate the gases dissolved therein, 
whilst, moreover, in this way the concentration of the components 
both in the liquid phase and in the gas phase is reduced towards 
the bottom of the column, which is favourable for a sharp analysis. 


IV. Drrecrions ror Use. 
I. Preliminary Preparations. 


1. Starting Up.—After being boiled out, so as to avoid the 
dissolved air forming small bubbles, the burette jacket is filled 
with water. 

The Mariotte flask is then filled with water, the drain cock at the 
bottom opened, and the air vent in the cork shut. As soon as the 
rubber tube connection is entirely filled with water, and air is 
allowed to pass out of the burette via the three-way cock, the water 
flows into the burette. The water running off out of the Mariotte 
flask is continuously replaced by air, which rises in bubbles from the 
small tube of the filling funnel. At the inlet through which the 
water flows into the burette there is then a constant pressure equal 
to the difference in height between that inlet tube and the point 
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from which the air bubbles rise in the flask; this pressure must 
not be more than 1 cm. water column. When the burette is closed 
at the top and bottom, water continues to flow in until the air 
inside is just under this pressure. 

Pure toluene is then poured into the bottom cooler via the funnel 
until the toluene boiling bulb is half full (250 ml.). 

The absorption liquid is poured into the top cooler via the small 
funnel. This liquid consists of exactly 50 ml. nitro-benzene and 
500 ml. toluene, with 300-400 ml. of which the boiling bulb is filled ; 
the stop-cock underneath the regulating cock has to be kept closed. 

The cooling water flow is then started. For the cooling of the 
condensers, ordinary tap water may be used, but, for the water 
jackets round the absorption vessel and the burette, it is necessary 
to circulate water from a thermostat to keep the temperature 
constant. 

Both the absorption liquid and the toluene have to boil hard in 
about 15 minutes from the moment the heating rings are switched 
on. After the liquids have been boiling for a time, the condensation 
level of the toluene vapour should be in the bottom half of the reflux 
cooler, so that an excess of toluene vapour flows through the heater 
jacket. 

The condensing level of the absorption liquid may not rise much 
above half the height of the cooler. 

In the space between the two cocks underneath the boiling 
bulb for the absorption liquid there is usually some air left when 
the apparatus is being charged. By turning the regulating cock 
half a turn to the right from the open position and opening the 
other cock underneath, the liquid is allowed to flow slowly through 
the absorption tube and the heater, the liquid that has been 
de-aerated by boiling, thereby absorbing the air in the connecting 
tube. Care is to be taken in this way to get the liquid entirely 
free of air up to the absorption tube. At the same time the 
regulating cock can be adjusted by checking with a stop-watch 
the time taken for 1 ml. of the liquid to pass through ; the liquid 
is allowed to drip freely from the drip point into the graduated 
test tube. The rate is set between 1 ml. in 60 secs. and 1 ml. in 
80 secs. A guide is when the meniscus in the test tube has just 
come to rest when the next drop falls. 

The liquid should be allowed to drip through for at least two hours, 
to ensure that all the air is removed. 


2. Testing the Apparatus.—When the drain cock of the Mariotte 
flask is closed, the meniscus in the filling tube should not rise as far 
as the water level in the flask. If it does, then this is a sign that the 
cork is not air-tight. 
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On this drain cock being opened and the three-way cock on 
the burette being opened to the outside air, the burette is filled 
at a rate of about 10 ml. in 15 to 20 seconds. The meniscus should 
ultimately come to rest just below where the tube narrows down 
to the capillary leading to the three-way cock. 

The air can also be let out of the burette by making an outlet 
via the drying tube, the absorption tube and the heater, for which 
purpose the absorption liquid in the U tube at the drain cock of 
the heater has to be blown out. 

The glass-wool filter in front of the capillary of drying tube 
No. 9 has, however, to offer so much resistance to the current of 
air as to reduce considerably the rate at which the burette fills 
itself, for instance, to 10 ml. in 30—40 secs. 

If during this test the drain cock at the heater is closed, the 
air in the whole of the apparatus will be under a slight pressure, 
and the flow of water to the burette will cease. In such a case 
the air bubbles will cease to rise in the Mariotte flask. If this 
does not take place then the apparatus is not air-tight. 

While these tests are being made the inlet cock for the absorption 
liquid (underneath the regulating cock) should be closed. On 
this cock being opened and a few drops of liquid run into the U tube 
in the heater, this liquid, when the drain cock is opened, should 
not be entirely driven out of the U tube by the prevailing pressure. 
The meniscus of the absorption liquid has to come to rest about 
lcm. lower than the level of the drain cock, where it remains 
regardless of the flow of absorption liquid. 

If the absorption liquid entering the absorption tube is not 
absolutely free from air, then a pressure will gradually develop 
in that tube, owing to the liquid flowing through from the heater 
being able to retain only very little air in solution. 


Il. The Analysis. 


. Fill the Mariotte flask with water. 
. Let the burette fill itself with water. 
. Close the drain cock on the Mariotte flask. 


. Draw the gas to be analysed into the burette via the three- 
way cock ; meanwhile the water flows out of the burette through 
the drain cock (into the glass beaker). 

5. Close both burette cocks, first the three-way cock then the 
drain cock ; there is then a slight vacuum in the burette. 

6. Open the drain cock of the Mariotte flask. Water flows into 
the burette until the necessary pressure is obtained. 
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7. Connect up the hand pump with vacuum tube to the three-way 
cock of the absorption tube. 


8. Evacuate the absorption tube and the heater, of course keeping 
the inlet and outlet cocks for the absorption liquid closed tight. 
Care is to be taken to see that, before evacuating, the capillary U tube 
of the heater is just filled with liquid. 

9. After turning the three-way cock evacuate also the drying 
tube and then connect up with the absorption tube. 


10. Read level of the meniscus in burette (approximately to 
0-1 ml.). 

ll. Very carefully turn the three-way cock of the burette until 
the gas is gradually drawn out into the absorption tube. If the 
cock is opened too wide too much water runs out of the Mariotte 
flask ; the water is then often driven into the drying tube. One 
drop of water in the capillary leading to the drying tube makes it 
impossible to carry out the further analysis. 

When lean gases are to be analysed (more than 85 vol. per cent. 
of methane and ethane) the absorption tube is always to be filled 
with 230-240 ml. of the gas. In the case of richer gases less than 
this suffices ; this saves time, but at the cost of accuracy. 

12. Shut off the burette and read the new meniscus level in order 
to ascertain how much has been passed over. 

13. Open the burette three-way cock to the outside air ; for this 
it is necessary to remove the gas suction line. The burette is then 
allowed to fill right up with water and all traces of the gas are 
removed. 

14. Shut off the Mariotte flask and drain all the water out of the 
burette. Any gas dissolved in the water would contaminate the 
air to be introduced later as auxiliary gas. 

15. Close the burette drain cock and open the drain cock of the 
Mariotte flask. The burette then begins to refill itself with fresh 
water. As soon as the meniscus is again visible in the graduated 
part 

16. Close the three-way cock, let the burette come under 
pressure and read the meniscus level. 

17. The burette now charged with fresh air is carefully connected 
up again to the drying tube and the absorption tube. Air then 
flows through out of the burette until the sum of the gas volume and 
the air volume is about 250 ml. (i.e., the capacity of the absorption 
tube and heater). If the total volume is much below this figure, 
either the apparatus has not been properly evacuated or it is not 
properly airtight. 
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The reading of the new level in the burette, when the burette 
and absorption tube are fully connected up, is noted as the first 
position of equilibrium. 

18. Then the absorption liquid supply cock is opened and the 
flow of liquid is followed on its way through the absorption tube 
and the heater. 


19. As soon as this liquid reaches the U tube of the heater, open 
the drain cock and immediately note again the level in the burette, 
this being the point of the first drip into the graduated test tube. 

20. From this moment onwards the level in the burette is noted 
for every ml. running into the test tube. The rate of the flow of 
liquid should also be occasionally measured. 


V. Some EXxamp.Les or ANALYSIS. 


The appended graphs, Nos. 1 to 5, show the results of some analyses 
that have been made. 


Graph 1 gives the analysis of a sample of isobutane saturated 
with pentane vapour. 
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Graph 2 shows two analyses, one of propane and one of butane. 
In this case 30 ml. propane and 54-3 ml. butane respectively were 
drawn in, whilst the quantities recovered were 29-5 and 53-6 ml. 
respectively. 

Here tke question arises whether other components are to be 
assumed to have been present. At first sight, the first part of the 
propane analysis leads one to presume the presence of 2 ml. pentane, 
but this is highly improbable. It cannot be decided in this case 
whether the presence of butane is to be assumed, nor, if so, how 
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much. As regards the butane analysis, there is every reason to 
suspect the presence of a few ml. of pentane. Judging from the 
line drawn in the graph, there is about 5 ml., but the real content 
was certainly not higher that 2 to 3 per cent., 1.¢., about 1} ml. 
The transition from butane to air is so sharp that only very small 
traces of propane could be present. 
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Grapu 2. 


The small difference between the volume of gas intake and 
the volume found by the analysis is probably due to contamination 
of the gas with air in the cylinders used. 


Graph 3 shows the analysis of a sample of lean gas from a com- 
pressor plant. The complete analysis was as follows :— 





Gas intake up to burette level os - “a as 14-7 ml. 
Gas passed over in evacuated apparatus to the burette 

level. . wo ie ee =e - ihe » Qe a 
Total gas intake as a ae as - ts. eee aw 


Water and air in burette renewed. 
Air added in apparatus _ - + -» from 31-4 ml. 
to 119-1 ,, 


Volume of air added. . ; a na ei - 87-7 ,, 


Volume of gas intake ea ae 7 7% .. 1998 , 
Total volume intake - re ~ at -- 8676 .;, 


Thus the apparatus was adequately evacuated, and no leaks 
occurred while it was under vacuum. 


Air in burette drawn in up to “ first state of equilibrium” 19-5 ml. 
Absorption liquid inlet opened “ first drip point ” -- 200,, 
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It can clearly be seen that there is a straight line from 34 to 38 ml. 
absorbed gas. The absorption figure for this line is found to be 
0-41 ml. gas per ml. liquid. 
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Assuming this to be the absorption line in this experiment for 
pure propane, by multiplying (or dividing, as the case may be) by 
the known ratio of the solubilities at 110° C., we find the following 
absorption figures for the various components :— 


Ethane é 0-41/3:17=0- ? ml. gas nas ml, liquid 
Propane (according. to the graph) .- =0-4 ~ 
Isobutane .. .. O41x1- -934=0- 9 “i - 
N-butane .. op .. 0-41 2-775=1-14 - = 
Pentane - ae .. 114x2-6565=3-02 on os 


Tangents are drawn at the angles indicated by these figures, and, 
with the exception of the ethane line, all fit in well. Apparently 
the ethane has not been properly rectified, for the last part of the 
curve is too steep for that. 


The points of intersection are :— 


Separation of pentane and n-butane at .. .. 24-3 ml. abs. gas 
wn », n-butane and isobutane at . . Si- | e 
a », isobutane and propane at .. ss Ge 2°S 
” »» propane and lower comp. at oe 8 fw ere 


The volume absorbed between the first point of equilibrium 
and the first drip point (0-5 ml.) is divided into 0-3 ml. pentane 


and 0-2 ml. butane. 
N 
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The volumes found for the pure components are therefore :— 


Vol. % Podb. 

Pentane 24-3—20-0+0-3=4-6 ml. ea oe 2-3 3-9 
N-butane 30-0—24-3+0-2=5-9 ,, és os 3-0 2-7 
Isobutane 32-8—30-0 =2-8 ,, ay = 1-4 1-2 
Propane 41-6—32-8 =8-8 ,, ae Sa 4-4 4:2 
Met e+ethane .. ee oe ~~ es 88-9 88-0 
100-0 100-0 





The figures in the last column are from the analysis with the Podbielniak 
apparatus. 


Apparently the percentage of butane found in this case is 
increased by the overlapping of the transition areas, and at the 
cost of pentane. 

In the rectification of the ethane there was very soon a notice- 
able expulsion of this light gas out of the heater coil; the line 
deviates upwards, while the absorption is almost at a standstill. 

At 22 ml. liquid the graph shows a tendency to stronger absorp- 
tion, which is to be ascribed to the readjustment of the liquid 
stream. The increased flow also means a larger volume of liquid 
in the apparatus. Consequently, more gas is bound in the process 
of rectification, which makes itself evident as an apparently 
stronger absorption during a few ml. 


Graph 4.—Analysis of sample of natural gas :— 


Gas drawn into burette up to i 1-7 ml. 

Gas over to the eee up ‘to .. 2443 ,, 

Total of sample intake — oe 242-6 ml. 
Air drawn into burette up to . ee os 0-0 ml. 

Air added in ap J peoperhe to os oo ED w 

Total volume of air add - .—e— 12-9 ,, 
Total volume .. oe oe oe “< 255°5 ,, 
First position of equilibrium .. os oe 12-9 ml. 

First drip point ee o* se os Ow 


The following table shows the absorption figures of the tangents 
drawn on the graph and their proportions, whilst, by way of com- 
parison, the proportions are given as are to be expected from the 
ratio of solubilities :— 


Absorption Ratio according 
Component. figure. Ratio. to solubility. 

Ethane a iis 0-146 ee 

3-18 ee 3°17 
Propane . es 0-465 ae 

2-77 oe 2-775 
N-butane oe - 1-280 ee 

2-655 ee 2-655 
Pentane a oe 3-40 
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It is not possible to draw in this case a line for isobutane. 
the volumes of the components we find :— 
Podb. anal. 
Pentane : 16-6—13-94-0-7= 3-4 ml.or b-4vol.% 21 vol. % 
Butane : 30-0—16-6+0-3=-13-7 ,, or 57, SO » 
Pro : 47-2—30-0 =I7-3 , or 7-1 ,, « ae 
Lower comp. : 85-8 ,, 86-0 _ _,, 
100-0 100-0 
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All the absorption figures in this analysis are very high and the 
lines are less steep than usual, which, however, has no effect on 
the result of the analysis. The cause is probably insufficient purity 
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Grapu 4. 


of the absorption liquid, especially of the toluene. 


Although we consider the present apparatus to be sufficiently 
accurate for analysing relatively rich natural gases, stabilizer top 
gases and suchlike, for the determination of butane and higher 
components in strongly debenzinated gases and very lean natural 
gases a much greater degree of accuracy is required. In the latter . 
case the object can be attained indirectly by conducting a known 
N2 
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quantity of the gas to be analysed through active charcoal in such 
a way that the charcoal is charged to only a small extent, at the 
most up to 5 per cent. by weight, so as to be sure that all butane is 
absorbed in it. All the gases are then driven out of the charcoal 
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by heating with glycerine, and the expelled gas mixture is then 
analysed in the apparatus. In this way it is possible to determine 
by calculation the quantities of butane, pentane and higher 
components contained in the original mixtures. 
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Graph 5.—Analysis of a sample of sa fee a Dubbs plant :— 








Gas intake from 4-7 to 206-2 ml. ‘ .. =201-6 ml. 
Air added from &-3 to 51-6 ml. .. ao oie -« = 433 
Total volume re = de * 244-8 ,, 
First position of equilibrium ée he a le 18-5 
First drip point .. 19-0 


The following are the ‘absorption figures of the tangents and 
their proportionate figures :— 


Proportions. 

Component. Abs. figure. Found. Calculated. 
Ethane r ia 0-113 L 2-13 -. 2479 
Propylene... «4 0-240 1-44 ry 1-275 
Propane o. os 0-345 1-86 v' 1-934 
Isobutane f s 0-640 1-41 1-435 
n-butane be os 0-904 3-05 2-655 
Pentane de 2-77 


According to the points found for separation the analysis is 
as follows (Podbielniak figures are also given) :— 


Vol. %. 
Component. Absorp- Podb. 
tion an. 

Pentanesandamylenes 25-0—19-0+0-3= 6-3 ml. 3-1 3-2 
Butanes and nape 39-4—25-0-+0-2=146 ,, 57 
Propane ‘a 65-1—39-4 =26°7 ,, 128 10-6 
Propylene as ie 77-1—65-1 =12-0 ,, 6-0 6-9 
Lower components .. 70-9 73-6 
100-0 100-0 


As shown in the graph, it is not possible to make a distinction 
between the saturated and the unsaturated compounds. 

Analyses have also been made of gas samples with a very low 
content of hydrocarbons higher than butane but containing lower 
unsaturated hydrocarbons. The absorption liquid. used was toluene 
and nitro-benzene in the proportions of 100 to 20 parts by volume. 
The accuracy of the analysis is then greatest for propane and 
propylene. The result is given in Graph 6. As expected, it was 
impossible to separate the butanes and butylenes. The separation 
of propane and propylene is rather uncertain. A quantitative 
determination of ethane was difficult and was not carried out. If 
it is desired to determine these components separately, it will be 
necessary to remove the unsaturateds in a chemical way, e.g., with 
bromine water, and make a second analysis of the remaining gas. 
From the two analyses it is then possible to calculate by subtraction 
the amounts of saturated and unsaturated components separately. 

The result of such an analysis is given in Graph 7. 

According to the lines on Graph 6 for propane and propylene 
the point of transition between these two elements would be 
somewhere about 79 ml., so that the propane content would be 
5-9 vol. per cent. The volume concentration through bromination 
was found to be 38-2 vol. per cent. 
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According to Graph 7 for the gas after bromination the vol. 
percentages for butane, propane and ethane-++methane were 15-2, 
7:3 and 77-5 respectively, so that with a bromine figure of 38-2 per 
cent. the percentages of these saturated components calculated on 
the original sample were 9-4, 4-5 and 47-9 vol. per cent. respectively. 
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GAS SAMPLE ‘WITH UNSATURATED HYDROCARBONS LOWER THAN BUTANE. 
Intake o8 ae -» 202ml, Recovered : 


Butane and Butylenes 42.3 mil. 
Propane and Propylenes 30.4 ml. 
Ethane, Ethylene and 
Methane .. +» 129.38 ml. 
Considering the data of Graph 6 the figures may be tabulated as 


follows :— 


Vol. % before Vol % after Total 
Component. bromination. bromination. vol. %. 
Butanes.. i oid se 9-4 “4 
20-9 att 
Butylenes .. ae an ss re 11-5 
Propane... - ‘a we 45 os 45 
15-1 
Propylene .. a“ si a - 10-6 
Ethylene .. - a - _ 16-1 
64-0 wa nis 
Ethane + methane ma - 47-9 ee 47-9 
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Consequently the point of separation between propane and 
propylene read direct from Graph 6 is about 1 vol. per cent. too 
high, but for such a test in one analysis a greater degree of accuracy 
is not to be expected. 
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GAS AFTER BROMINATION,. 
Intake ee 2° -» 202.4 ml, Recovered : 


Butanes on .. 808 ml, 
Propane ee .. 148ml. 
Ethane and Methane. 156.8 ml. 


In Graphs 8 and 9 the results are given of a similar analysis. 
The bromine figure in this instance was found to be 16-6 per cent., 
so that the gas after bromination was 83-4 per cent. of the original 
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sample and the volume percentages of the saturated components 


were as given in the table below :— 










































































Vol. % before Vol. % after Total 
Component. bromination. bromination. vol. e 
Butane = 12-2 12- 
19-2 
Butylenes .. 7-0 
Propane 2-2 2-2 
6-6 
Propylene . 4-4 
Ethylene 5-2 
74-2 
Ethane and methane 69-0 69-0 
100-0 83-4 100-0 
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Intake oe oe ee 219-4 mi. gas, 
The point of separation of propane and propylene as read direct 


from Graph 8 agrees fairly well with the combined analyses, viz. : 
3-8 per cent. as compared with 4-4 per cent. 
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Should the gases contain CO, or H,S, then such components 
should, wherever possible, be previously determined by chemical 
analysis and removed before the further analysis is made in the 
rectifying apparatus, because if these components are not removed 
there will be an error in the determination of the volume due to the 
fact that in the rectifying apparatus the measurements are made 
above water, in which CO, and H,S readily dissolve. 
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In the following tests the absorption coefficients of carbon dioxide 
and sulphuretted hydrogen were determined in view of the possibility 
that these gases may also disturb the analysis of mixtures of propane 
and ethane. 

In all the tests the cooling water was kept at a constant 
temperature by means of ice. The absorption liquid used was a 
mixture of toluene and nitro-benzene in the proportion 10:1, 
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whilst for heating, pure toluene of the same origin was used. As 
barometric changes affect the absorption coefficient the barometric 
pressure was read before and after the test. Supposing that a ml. 
absorption liquid apparently dissolves g ml. gas in t hours, then 
with a rise in barometric pressure of p mm. per hour the corrected 
absorption coefficient is :— 
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CARBON DIOXIDE. TEMP. COOLING WATER, 23° c. 
ABSORPTION COEFFICIENT, 0-06. 


Test 1.—Graph 10 :— 


Gas analysed on ec ee on .. Carbon dioxide 
Gaseous agent .. o- a o -. Ae 

Temp. of cooling water . . o as -. 23°C, 

Velocity of absorp. liquid ee aa .. 1 ml. in 45 secs. 
Barometric change eo os o -+ +13 mm. per hour 
Abs. coefficient .. és e ie .. 0-06 

Abs. coefficient (corrected) - ea -. 0-05 


The absorption coefficient of carbon dioxide appears to be low, 
so that the presence of this gas will not disturb the transition 
from propane to ethane. 

In this and the following test only the absorption burette was 
charged with the gas to be analysed, so that the gas did not come 
into contact with water. 
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Test 2.—Graph 11 :— 








Gas analysed .. oe + ¥ .. Sulphuretted hydrogen 
Gaseous agent os at +s o> Ae 

Temp. of cooling water és $3 - wG 

Vel. of abs. liquid .. o% of -» I ml. in 53 secs. 
Barometric change .. “ss ws .. —0O-4 mm. per hour 
Abs. coefficient ai 0-32 


The presence of sulphuretted hydrogen, therefore, does affect 
the transition from propane to ethane. 

Finally an analysis was made of a mixture of ethane, propane and 
sulphuretted hydrogen. 
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SULPHURETTED HYDROGEN. TEMP. COOLING WATER, 25° Cc, 
ABSORPTION COEFFICIENT, 0-32. 


Test 3.—Graph 12 :— 


Gas analysed as ia .. Mixture of ethane, propane and 
sulphuretted hydrogen 

Gaseous agent ee +f .. Air 

Temp. of cooling water .. .- 246°C. 

Vel. of abs. liquid . . rr .» 1 ml. in 70 secs. 

Barometric change ee .. ——0-9 mm. per hour 

Abs. coeff. propane ei .. 0°285 (calculated) 

Abs. coeff. sulph. hydr. .. .. 0°16 (measured) 

Abs. coeff. ethane . . 0-092 (measured) 


The correction for the barometric drop during the test is 0-01 in 
the absorption coefficients. In the graph the clearest line is that 
for ethane, so that this was taken as basis. The lines for propane and 
sulphuretted hydrogen are rather irregular, but still the graph shows 
three distinct “e The transitions are no longer than 10 ml. 


Intake , : -. 20 ml. propane 
80 ,, ethane 
27.,, sulphuretted hydrogen 


Recovered .. oe ‘e .. 185 ml. propane 
° 31 ml. sulphuretted hydrogen 
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MIXTURE OF ETHANE, PROPANE AND SULPHURETTED HYDROGEN. 
AUXILIARY GAS, AIR, TEMP. 24-5° co. 

Intake— Recovered— cat 
Propane 20 mi. Propane... 18°65 ml. 
Ethane 30 mi. Sulph. Hydr. 31 mi. 
Sulph. Hydr 27 mi. 
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Thus the results agreed fairly well with the composition of the 
gas analysed. 

The application of this apparatus is of course, not confined to the 
analysis of natural gases, for it can also be used for other gases 
which are difficult to analyse chemically, e.g., mixtures of :— 

1. Cl,, CO, and air. 

2. N,O, CO,, air and hydrocarbons. 

3. CS,, CO, and air. 

4. CH,-O-CH, and hydrocarbons lower than butane. 

5. C,H, and other hydrocarbons not higher than butane. 


The quantitative determination of the first-mentioned gas is 
paramount. 

Some examples are given here of such analyses. Complete 
analyses were not carried out in cases where the test analyses of the 
components gave sufficient guarantee that they could easily be 
determined in the mixture. 


1. For the isolation of chlorine from a gas mixture chlorinated 
liquids were sought as absorption medium, owing to its strong 
chemical activity. The absorption liquid ultimately chosen was a 
mixture of 100 vol. parts CCl, and 10 vol. parts C,H,Cl,. For 
the burette liquid a 96 per cent. sulphuric acid was used (the rubber 
tube from the burette to the Mariotte flask had to be replaced by 
a glass tube). The coefficients of solubility are :— 

For CO,:k') = 2-5 at 15°C. 
at} =0-17 (see Graph 13). 


» Cl,: k = 46 at 15°C. 
a = 1-40 (see Graph 14). 
» O,: k = 0-23 at 18°C. 
a = very minute. 
As long as sufficient chlorine is present— 
pi= SP 
which is quite adequate. If only CO, is present— 
_ 26-017 13-7 
i, aoe 





1. R=reflux ratio, i.e., the ratio of the gas volume driven out of the absorption 
liquid in the heater coil compared to the gas volume not driven out. The 
latter volume is identical with 

a=absorption coefficient (ml. gas/ml. absorption liquid) for the component 
rectified. 

k =the solubility coefficient (ml. gas/ml. absorption liquid) of the gas mixture 
in the abs. liquid at the temperature and pressure of the absorption burette. 


Thus R= *—* 
a 
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N,0 AND CO, WITH HYDROCARBONS AND AIR ABSORBED 
ACETONE AND METHYL-ETHYL-KETONE (100: 40). 
ABSORPTION COEFFICIENT OF CO, AND N,0, 0-502. 
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A larger absorption coefficient a would make R still less 
favourable, so that no improvement can be obtained by changing 
the proportions in the absorption liquid. The smooth rectification 
of CO,, notwithstanding the small reflux ratio, is due to the fact 
that little rectification was required to separate the CO, from the 
remaining air. The solubility coefficient of oxygen gives sufficient 
guarantee of the suitability of air as auxiliary gas. 
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110 120 130 140 150 160 170 180 
Gas Vol. Absorbed, ml, 
Grapn 16. 


CO, IN ACETONE AND METHYL-ETHYL-KETONE. ABS. COEFF., CO, = 0-505. 
Intake, 70-8 ml., Co.». Recovered, 173-0—104-9 = 68-1 ml. 


2. For N,O and CO, 100 vol. parts acetone with 40 parts 
methyl-ethyl-ketone was used as absorption liquid. As may be 
seen from Graphs 15 and 16, a determination of CO, in the presence 
of air and hydrocarbons (propane and lower) is indeed possible. 
The absorption coefficient of CO, is 0-50. 

The absorption coefficient found for N,O differed too little from 
that of CO, to allow of these two elements being separated. 
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Consequently with this method N ,0 side by side with CO, can only 
be determined quantitatively in combination with a chemical 
determination of CO,. 

Owing to the high vapour pressure of the acetone used as 
solvent, there was apparently no absorption in the beginning of 
the analysis, but rather a marked increase in volume. Consequently, 
when evacuating the absorption burette, an appreciable volume of 
acetone was also drawn out, leaving a larger proportion of m.e.k. 
in the liquid in the heater ; and, asa result, after the gas sample was 
introduced and air added, this gas mixture had a lower acetone 
vapour pressure than corresponded to the desired composition of 
the absorption liquid. 

On the absorption liquid being introduced, the gas was saturated 
and caused an increase of volume. This trouble can be obviated by 
evacuating the absorption burette until quite dry and carefully 
running in a little absorption liquid before changing the pressure 
with the burette, thus while there is still a partial vacuum in the 
absorption burette. This was applied in the test represented by 
Graph 16. 

If possible, an absorption liquid with a lower vapour pressure 
should be used. 


3. In order to determine the content of CS, vapour in a gas 
sample, a 96 per cent. ethyl alcohol was selected as absorption 
liquid, with an admixture of water. 

With a water content of 8 per cent., the absorption was already 
very noticeable. A lower water content was not satisfactory owing 
to the considerable effect of small changes in the concentration. 
It was therefore decided to try to increase the water content until 
the solubility of CS, in the mixture was reduced. Graphs 17 and 18 
show the satisfactory results obtained with a mixture consisting of 
100 vol. parts, 96 per cent. alcohol and 20 vol. parts water. 

The solubility of CO, in the absorption liquid is very low, so 
that it cannot be determined separately, and it does not affect 
the analysis. 


4. For the determination of dimethyl-ether, the absorption liquid 
used was a mixture of 100 vol. parts toluene and 15 vol. parts. 
nitro-benzene. 

Graph 19 shows an incomplete analysis of a mixture of 
dimethyl-ether and air, and Graph 20 an analysis of dimethyl-ether 
with lean gas containing no higher elements than propane. 

Anyone acquainted with the possibilities of the various methods 
mentioned can, of course, easily select in each separate case the 
best combination of chemical and physical analyses desirable or 
necessary, so that there is no need to go into this matter further here. 
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Grapu 17. 


CS, IN 96% ALCOHOL AND WATER (100: 20 VOL. PARTS). 
ABSORPTION COEFFICIENT, 1-146. 
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Grapi 18. 


CS, IN ALCOHOL AND WATER. 
ABSORPTION COEFFICIENT, 0-926. 
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Gas Vol. Absorbed, ml. 
GrapH 19. 


DIMETHYL-ETHER IN TOLUENE-NITROBENZENE (100—15 VoL. PARTS). 
ABSORPTION COEFFICIENT, 0-896. 





178 DYCK : ANALYSIS OF GAS MIXTURES. 


Finally, as to the construction of the apparatus itself, by 
choosing the most serviceable sort of glass, standardized cocks and 
exchangeable ground connections, and keeping as far as possible to 
the same diameter of tubes, an attempt has been made to facilitate 
repairs to the apparatus and to minimise the stock of spare parts 
required. Anyone interested will be furnished with a complete set 


of drawings on request. 























| 


60 70 80 
Gas Vol. Absorbed, ml. 


Grapx 20. 
DIMETHYL-ETHER MIXED WITH TAIL GAS. 
Intake : 10-8 mi, ether Recovered : 73*5—63-5= 10.00 ml. 





The author wishes to conclude with a word of appreciation to 
the Bataafsche Petroleum Maatschappij of The Hague for their 
courtesy in allowing the publication of this paper, and to the 
members of the physical department of the Amsterdam Laboratory 
of the B.P.M. for their valuable assistance, in particular Dr. R. A. J. 
Bosschart and Mr. W. C. Brezesinska Smithuysen. 
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The Hydrogenation of Aromatic Hydrocarbons at High 
Pressure with Nickel on Kieselguhr as a Catalyst.* 


By G. F. Scnoorzt, A. J. Tuttenzrs (Student Member), and 
H. I. Waterman (Member). 


In this investigation the conditions under which pure hydro- 
genation occurs in high pressure processes were examined, as well 
as the conditions on which intramolecular transformation or 
destruction of the molecule takes place. The latter case will be an 
example of destructive hydrogenation. Benzene was first taken as 
a subject of investigation. The preparation used was a product 
free from thiophene with a boiling point of 80-3°C. (764 mm.) ; 
d*/,, 0-8793 ; n,™, 15009; bromine value 0. If this benzene is 
heated with hydrogen under an initial pressure of more than 
100 kg/em* to about 190°C., very intense hydrogenation occurs 
and can be observed very markedly at 90°C. In the corresponding 
experiment T59, the reaction product was almost exclusively pure 
cyclohexane. 

Afterwards, a second experiment, T71, was carried out in two 
stages. In the first stage the same treatment as described at T59 
was repeated, the only difference being that the maximum temper- 
ature reached was somewhat higher, i.e., 236°. Within one hour 
from the beginning of the heating a transformation to cyclohexane 
was also obtained here. In the second stage of experiment T71 
this cyclohexane was exposed under high pressure (> 100 kg/cm*) 
to a high temperature (460°C.) for 60 minutes, a pronounced 
alteration of the cyclohexane was noted. It was probable that it 
was a case of transformation of cyclohexane to methylcyclopentane.! 
Phenomena which were connected with destruction, such as 
important evolution of gas, were not observed. In experiment T59, 
50 grams of benzene with 5-0 grams of nickel on guhr were hydro- 
genated. The catalyst in this and the following experiments was 
obtained by reduction of nickel oxide on guhr at 550°C. The 
catalyst contained a calculated quantity of about 20 per cent. of 
nickel. The reaction product of experiment T59 boiled at 80° C. at 
a pressure of 755 mm.; d”/,, 0-7786; n,”, 1-4244; n,™, 1-4266 ; 
ny”, 1-4320; ng?°, 1-4363; bromine value,0. From these figures 
the formation of pure cyclohexane may be derived. During the 
first stage of experiment T71, with conditions analogous to those 
of T59, the temperature only being somewhat higher, cyclohexane 


* Paper received September 25, 1931. 
1 Compare also T. wa and T. Yokota “ Action of reduced nickel and 
hydrogen. on on aromatic hydrocarbons under high pressure and temperature.”’ 
Soc. Japan, 1930, §, 266-275. 
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also resulted with n,”, 14265; this product was transformed at 
460° C., as mentioned above during the second stage of T71. A 
liquid reaction product was obtained which was distilled in two 
fractions, the first boiling from 77-5° to 78-5°C., and the second 
from 78-5° to 798°C. The refractive index, and also the specific 
gravity of both liquids were much lower than the constants of 


cyclohexane. 


First Second 
fraction. fraction. 
d**/, 0-7715 =e oa - 0-7731 
ny? = 1-4227 x és 1-4235 


As a second important example, the first one being only for 
orientation, p. methyl-isopropylbenzene (p. cymene) was used. 
The preparation of this compound was carried out using camphor 
as a raw material, which was treated with P,O;.2 The reaction 
product obtained was repeatedly fractionated whilst heating it 
with sodium, the boiling point being 175-5-176° (at 748 mm.) ; 
n,™, 1-4883; d®/,, 0-8580; the bromine value (addition) being 
still above 2 units. The theoretical quantity of bromine was 
dissolved in CCl, at about 0° C., the duration of the action on the 
cymene being five minutes (artificial light); afterwards the 
brominated product was distilled, but appeared not to have been 
refined. During the distillation HBr-vapours evolved, the liquid in 
the distillation flask becoming brown coloured. Much better 
results were obtained by shaking thoroughly at room temperature 
with concentrated sulphuric acid (sp. gr. 1-84), washing with water, 
potassium hydroxide and water and finally drying with calcium 
chloride.* After these operations the cymene was distilled with 
sodium and fractionated. The product finally obtained had the 
following properties : bromine value 0 (the addition as well as the 
substitution in the dark was 0); boiling point 175° at 764 mm. ; 
d®*/,, 08561 ; n,®, 1-4880. Notwithstanding these properties the 
product was not yet completely pure as was shown by the 
fractionation. Three fractions, I., I[. and III. were obtained in 
about equal quantities, boiling between 175-5° and 175°8° (762 mm.). 
The properties of these three fractions were the same, but there 
were, however, some differences, so that the products could not be 


identical :— 


I. II. III. 
d**/, ee 0-8543 oe 0-8554 oe 0-8564 
no” oe 1-4834 oe 1-4843 _ 1-4853 
Np” ow 1-4873 ee 1-4882 se 1-4892 
nr”? oe 1-4972 ee 1-4982 oe 1-4993 
ead os 1-5056 ee 1-5066 ee 1-5079 





2 Fittica, Ann., 1874, 172, 307. 
* Fr. Richter and W. Wolff mention among others the purification with 
strong sulphuric acid for cymene, Ber., 1930, 63, 1722. 
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If we compare these constants with those of literature, there are 
differences ; the constants of product III. still fairly agree with the 
data of Richter and Wolff‘: boiling point, 177-3-177-4° at 760 mm. ; 
d®/,, 08570; no”, 14865; n,™, 14904; n,”, 1:5007; n,”, 
1-5094. In this respect it should be noted that the properties of 
the o. and m. isomerides do not differ much from those of pure 
cymene. For comparison we mention the values of Richter and 
Wolff (loc.cit.) and those of Lacourt® for meta-cymene. 


Richter and Wolff. Lacourt. 

Boiling pom. 175-6—175-8° (760 mm.) 174-7—175.7° (758-6 mm. ) 
d*/, .. 0-8606 8.2.7) 94 ee 0-8626 
ng”? ie oa .. 1-4883 so «a 1-4882 
Ny” <a - -. 11-4920 am ov 1-4922 
ny”? nal > -. 1-5026 * ae 1-5021 
ng”¢ -- es 15110 


We conclude that our - preparation of para- ‘cymene, although not 
absolutely pure, belongs to the products of highest quality obtained 
till now. With this para-cymene three experiments were carried 
out using each time 50 grams of para-cymene and 5 grams of nickel 
on guhr. At T65 fraction I. was used, at T66 fraction II., and at 
T67 fraction III. The hydrogenation was carried out with an 
initial pressure of about 140 kg/cm*, the reaction being already 
noticeable at 100° C.; the temperature mounted to 200°. It was 
very interesting that the reaction products obtained in these 
experiments T65, T66, T67 were not different. The product did 
not show analogous differences as the cymene fractions I., II. 
and III. originally present. The boiling point of the three hydro- 
genated products was 168-169° at 769 mm. Specific gravity and 
refraction were about the same, as is shown in the following table :— 
Reaction product of 


experiment. T65. T66. T67. 
d?9/, “a 0-8029 on 0-8022 or 0-8026 
no” - 1-4392 “is 1-4391 = 1-4392 
ny” od 1-4418 oe 1-4415 oe 1-4414 
ny”? oe 1-4472 es 1-4469 PY 1-4470 
n,”™ 1-4519 1-4515 - 1-4516 


This “product behaved completely saturated towards hydrogen 
and nickel, it might be considered, in connection with its constants 


—I1M 


as menthane. The molecular refractivity FE 7724 of the 


menthane obtained in experiment T65 for the C,D, F and G’ wave 
lengths was calculated from our observations. These values were 
in accordance with the values calculated from the atomic refrac- 
tions. R. Adams and J. R. Marshall* have published d**/,, 0-8061 ; 
n,™, 1-4392 for para menthane. 





Ber., 1930, 68, 1723. 
Bull. Soc. Chim. Belge, 1930, 39, 132 ; Chem. Absts., 1930, 24, 3999. 
A.C.S., 1928, 50, 1972. 


‘4 
5 
8 J. 
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Our method of hydrogenation may be recommended as a good 
method for preparing para menthane. 

The small differences which still existed between the physical 
constants of the reaction products of T65, T66 and T67 might be 
neglected ; the products were mixtured. In experiment T70, 
50 grams of this mixture [menthane] with 5 grams of nickel on 
guhr and 120 kg/cm? hydrogen as initial pressure were heated at 
470° during 60 minutes. An important decomposition occurred, 
methane, propane and low boiling liquid reaction products were 
formed. The last products mentioned had a boiling range of <35° 
to almost 160° C. 

The bromine value of the reaction product was 0, olefines were 
not present. The presence of aromates was also improbable, the 
increase of the anilin point after treatment with sulphuric acid as 
seen in the following table being very small. 


Fractional Distillation of the Reaction Product. 


AnTLINE Pornt :-— 
Before and after treatment 


Quantity Boiling with 400% by volume of 
in grams. point. ny”. d?/,. strong sulphuric acid. 

fr. 1 3-2 35-70° 1:3955 0-6892 43-0 43-5 

fr. 2 4:2 70-92° 1-4154 0-7402 35-2 36-8 

fr. 3 2-7 92-107° 1-4256 0-753 32-8 35-6 

fr. 4 4-2 107-158° 11-4417 0-7775 30-8 34-6 

fr. 5 1-6 >158° 1-4567 — —— — 


Saturated ring systems will preponderate in connection with the 
values found for the refractive index, the specific weight and the 
aniline point. 

Delft, 

The University, 
Laboratory of Chemical Engineering. 

September, 1931, 

















Contribution to the Knowledge of the Treatment of 
Estonian Oil-Shale.* 


By H. I. WaterMAN (Member), 8. C. pz Jona and A. J. TULLENERS 
(Student Member). 


In a monograph of P. N. Kogerman! a general survey is given of 
the composition of the Estonian oil shale and the character of the 
liquid products obtained by distillation. 

In the following, a scheme of treatment is discussed in which 
special attention is given to the catalytical high-pressure hydro- 
genation of the distillation residue of shale-oil. The catalytical 
hydrogenation refining of shale-gasoline and of shale-kerosine was 
also investigated. By the courtesy of Prof. Kogerman a large 
quantity of shale was available,? and had the following constants : 
humidity, 5-18 per cent. ; ash, 30-7 per cent. (ash, on dry substance, 
32-4 per cent.) ; sulphur, on dry substance, 2-3 per cent. 

The retorting at ordinary pressure was carried out in a rotating 
drum for the preparation of low temperature tar by Fischer’s 
method, in which operation 10 kg. of ‘“ Kukersite”’ could be 
handled. During this treatment the temperature increased 
gradually, after 14 hours, to 420° C., and after 24 hours to 500° C. 
The total duration of such a semi-commercial operation was about 
three hours. The result was that about 32 per cent. by weight of 
shale-oil was formed. The crude shale-oil was distilled, and the 
following products obtained : Gasoline (220° C.) with 1-8 per cent. 
of phenols*; kerosine (220°—300°C.) with 10-4 per cent. of 
phenols* ; and a residue, still liquid (boiling above 300° C.), with 
14-8 per cent. of phenols.* 

The shale itself was not used for the catalytic hydrogenation, but 
this operation was carried out with the distillation residue boiling 
above 300°. Two methods were followed which differed only in 
the nature of the catalyst used. 

In experiment T61, 287-6 grams of distillation residue were 
transformed with 30 grams of Fe,0,-catalyst under an initial 
hydrogen pressure of 100 kg/cm*; after the pre-heating the 





* Paper received September 21, 1931. 


1 On the chemistry of the Estonian oil shale, ‘‘ Kukersite,” Tartu (Dorpat), 
March 3, 1931. 

® Received in August, 1930 from Riigi Polevkivitédéstuse Juhatus, Tallinn 
(Reval). 
3A, Lazar, Chem. Zeitung, 1921, 45, 197. 








—- eS wEN’ Ve ” 





"BY 00 UO pozemMoTeED 
“aALISUAMOM AO INGNLVAUL 











“BY 66°81 
a ‘BxEs'0 0 “S80 <— 
“ByS'S ed | 
‘(34 O18 
“uadorpAy (%6 
(*O 008 eaoqe) "B41 9°0 qnoge ‘sed 
. “3460°F onprsey ai J (sjousyd %8"F1 pu soyem Bur <— 
“H %9'°6 “O %L'I8) “pnyout) sso"y 
bar ar pen sng (‘0.008 eaoqs) 
<— omssoid-y31y peorAjeyey <— “34 BESI onprsey <— 
(‘0 .008-082) t 
*B41P'S eulsoloyy ~<— *9B0 ‘OTT ‘amssoid *("34 0'ZE) ‘C(O .00¢ 
Areurpsio (eeu (qnoqe 04) 
(‘O .0%% 94) Jepun uo 10784) [IO eovumy But *B4 OO! 
‘Sas, =8ouyosey =< < -ByNsIq — eyeyg epnig <-|— -9¥}01 UI UOTKy — oFIS0RN 
"(0€ gnoqe ~eyasrp Aaq 
enyea ourur 
-o1q sjou 
‘sjousyd %8"0 -oyd %F'OI) 
“3 %0> ‘% onpea ‘Buruyger (‘9.008 -0ZZ 
eurTmI0Ig ‘ouTsOIOyT < omssoid-ySry peorAyezep <—‘3ye9"L oulsoloyy  <— 
s * (34 O°LF) 
qse Buy 
*ueZ01pAy *4¥0 -pnyour) ex09 <— 
Ayyuenb ‘(OL qnoqe 
Teas onyBa ould 
-o1q ‘sjouoyd 
‘sjousyd =%E"0 %8°1) 
“S%T0> ‘equ “Buruger “CD 0&5 4) 
*‘peyeingeg “ANTIOSVS) <— 


emssoid-ySry peorsApeqeg <— "34g 1"¢ ANTIOSYS <| 
t t 
tueZorpAy “gO 
444uenb 
Treas 















WATERMAN AND OTHERS : ESTONIAN OIL-SHALE. 185 


temperature was kept at 460°C. during 60 minutes. The liquid 
reaction product thus obtained, amounting to about 80 per cent. 
by weight of the ingoing material (the residue)‘, had a dark-brown 
colour, a pronounced smell of phenol and a bromine value of 
1l to 12. The quality of the gasoline and the kerosine obtained in 
distilling the liquid reaction product was not very good. The 
bromine value of the gasoline was 12 to 13, and that of the kerosine 
1 to 2. 

In using the colloidal molybdenum carbon catalyst, following the 
recipe of the Bataafsche Petroleum Mij,5 the result was much 
better under analogous conditions of pressure and temperature. 
The yield was about the same, but the nature of the products 
obtained was much better. The experiments T68 and T76, as 
well as T61, were carried out in a rotating Bergius-autoclave (free 
volume about 1-7 litre). The initial pressure was 110 kg/cm?*, and 
after the pre-heating to 460°C. the substance was kept at this 
temperature for about 50-60 minutes. Also, in these experiments 
about 300 grams of the residue was treated with 10 per cent. 
molybdenum catalyst (30 grams). The liquid reaction product, 
the quantity of which was about equal to that obtained in experi- 
ment T61, was pale brown with green fluoresence and much more 
saturated (bromine value 5 to 6). The phenol content was small 
(2-9 per cent.), the specific gravity somewhat lower, 0-86, whereas 
in T61 the specific gravity was 0-91. The distillation curves were 
more favourable, in so far as more gasoline and especially more 
kerosine were obtained, and in connection herewith there remained 
less product boiling above 300°. The hydrogen consumption was 
3 per cent. by weight of the residue treated, being about 0-6 per 
cent. by weight on the Kukersite. 

Finally, the crude gasoline (220° C.) and the crude “ kerosine ” 
(220°-300° C.) originating from the crude shale-oil were given a 
refining treatment, consisting of catalytic hydrogenation with 
molybdenum catalyst, as mentioned above. 

In experiment T81, after the pre-heating the gasoline was kept 
at 355° during 60 minutes. The initial pressure of the hydrogen 
was 85 kg/cm*. Whereas the ingoing gasoline was very unsaturated 
(bromine value 72-5), had a disagreeable smell and a high sulphur- 
content and, under normal conditions became orange coloured, 
the catalytic refined product was water-white; the gasoline had 
become quite stable, the bromine value was 1, and the sulphur- 
content less than 0-1 per cent.; the specific gravity and the nD 
were much lower, the aniline point higher, but the final boiling 
point had, however, risen somewhat. 


* There was some loss in the treatment of the reaction product. 
5 E.P. 332,994, 27 4 29. 
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In experiment T86, the kerosine was catalytically refined in an 
analogous manner. The initial pressure of the hydrogen was 
85 kg/cm*, and after the pre-heating the product was heated to 
about 425° C. during 60 minutes. The bromine value was lowered 
from 30 to 2, the sulphur-content from 1 to 0-1 per cent. The 
specific gravity and the nD were also lowered, and the aniline 
point had risen. The phenol-content of the gasoline and “ kerosine”’ 
refined by catalytic hydrogenation had been lowered to about zero. 
The refined gasoline had 0-3 per cent. and the refined kerosine 
0-8 per cent. of phenols. All the operations carried out are shown 
in the attached diagram. 


Delft, 
The University Laboratory of Chemical Engineering. 

















Influence of Tetraethyl Lead on Knock Rating.* 
By L. E. Hest and T. B, Renpet (Member). 


During the course of some experiments made on gasolines 
doped with tetraethyl lead, an interesting relation was found which 
was of material aid in comparing and classifying different gasolines 
with regard to their susceptibilities to the effect of this compound 
in increasing their anti-knock value. It is hoped that this infor- 
mation will be of use to others interested in ethyl doped gasolines 
and may lead to a better understanding of the action of tetraethyl 
lead in suppressing detonation. 


Apparatus USED AND Metuop or TESTING. 


The data on which the study was made were obtained in the 
course of a survey conducted to ascertain which gasolines are the 
most suitable for the manufacture of marketable ethyl gasoline. 
The testing work was carried out on a Ricardo E-35 2-litre 
variable compression engine, which has been previously described.? 
Anti-knock determinations are made in this engine by increasing 
the compression ratio until detonation just becomes audible, all 
other engine conditions being maintained constant. The anti- 
knock value of the test sample is expressed in terms of this 
compression ratio, which is called the highest useful compression 
ratio or H.U.C.R. of the fuel. 

Gasolines made from various crudes and manufactured by 
different refining processes were doped with given concentrations of 
tetraethyl lead in the form of ethyl fluid, which contains about 
63 per cent. by volume of tetraethyl lead. The increase in 
H.U.C.R. for different proportions of tetraethyl lead is shown for 
four different gasolines in Fig. 1. 


DEFINITION OF LEAD SUSCEPTIBILITY. 


The shape of these curves suggested that the improvement in 
H.U.C.R. is some exponential function of the concentration of 
tetraethyl lead and might be expressed by the relation :— 


Fede Wiis... ote, Bee (1) 





* Paper received Sept. 15, 1931. 
1 Report of Empire Motor Fuels Committee, 1924, p. 63. 








188 HEBL AND RENDEL : KNOCK RATING. 


where I is the increase in H.U.C.R., 

S is a measure of the steepness of the curve, and expresses 
the effectiveness of tetraethy] lead in raising the H.U.C.R. 
of any gasoline, or its “ lead susceptibility ” ; 

N represents the number of millilitres of tetraethyl lead 
added to one gallon (U.S.) of benzine ; and 

K is a constant which represents the curvature of the line. 

Equation 1 may be written in the following form, suitable for 
determining K :— 


x = “Si—bg5 
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O / 2 3 
MI. of Tetraethyl Lead per U.S. Gallon. 
Fria. 1. 
EFFECT OF TETRAETHYL LEAD ON THE H.U.C.R. OF DIFFERENT GASOLINES. 
Descriptions of these gasolines are given under Figure 2. 


With the aid of equation 2 the value of K can be evaluated from 
the experimental data. Values of K are shown in Table I. for 
14 different gasolines, from which it appears that K is substantially 
a constant over a wide range of different gasolines, the average 
value being 0-75. 
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TasBiez I. 


Values of K for Different Gasolines. 


No. Type of Gasoline. K. 
1 California straight run ‘ ‘ iw -» 0-755 
2 Cracked ; end point 400° F. (204° C,) uh .. 075 
3 West Texas straight run es ea es -. 0-76 
4 Mid-Continent straight run .. f= -. 0745 
6 Cracked ; end point 428° F. (220° c. ' aa -. 073 
14 ” ” ” ” 0-745 
16 Blend of oe run one ; end point 437° F. 
(225° C.) ‘ 0-745 
20 Blend of straight run ont =r _ + .. 076 
22 Mid-Continent straight run .. , -» 0-74 
23 Blend of Le run wee ; jars | point “400° F. 
(204°C.)  ... -. 0-765 
25 Blend of straight run onl abet ee ee .. 076 
26 Cracked ; end point 375° F. (191° C.) ee oo -- Oey 
28 Cracked : end point 400° F. (204° C.) ‘ 0-765 
" Mean = 0-761 


Since this fact was originally recognised, the value of K has 
been determined for some 60 to 70 different gasolines, and in no 
case has the value of K varied appreciably from the figure 0-75. 
Appreciable differences were always traced to poor engine conditions. 
By rearranging equation (1) and inserting the above value of K, 
we obtain the following relation, which gives us a single figure as 
a measure of the susceptibility of the gasoline to the action of 
tetraethyl lead :— 


N 0-75 

Thus, if we know the H.U.C.R. of a gasoline, and of a mixture of 
it with one concentration of tetraethyl lead, the value of S for that 
gasoline can be evaluated. 

For convenience in solving equation 3, a chart similar to that 
shown in Fig. 2 is used, in which the number of millilitres of 
tetraethyl lead per gallon is adjusted to the three-fourths power. 
If N is made equal to unity, equation 3 shows that the increase in 
H.U.C.R. is then equal to the lead susceptibility. This chart is 
particularly useful for determining, by interpolation, the number 
of millilitres of tetraethyl lead per gallon required to raise the 
H.U.C.R. of a gasoline to any given specification. In this con- 
nection the importance of the lead susceptibility is evident, for, of 
two gasolines having the same H.U.C.R., the one having the higher 
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lead susceptibility will require less tetraethyl lead than the other 
to raise its H.U.C.R. to the required value. 
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H.U.C.R. PLOTTED AGAINST THE NUMBER OF ML. OF TETRAETHYL LEAD RAISED 
TO THE 0.75 POWER. 
No. 1.—California Gasoline. 
No, 2.—Cracked Gasoline. 


No. 3.—Texas Gasoline. 
No. 4.—Mid-Continent Gasoline. 


Leap SvuscEeprTipinity oF Various GASOLINEs. 

The H.U.C.R. and lead susceptibilities of gasolines made from 
different crudes are shown in Table II. The variation in the 
lead susceptibility is shown to be considerable, from 0-22 to 0-54. 
Some unconfirmed data show values even outside this range. 
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Gasolines of high H.U.C.R. tend to have higher lead susceptibilities 
than those of low H.U.C.R., though there are many exceptions 
to this :— 
Taste II, 
H.U.C.R.’s and Lead Susceptibilities of Gasolines made from Different Crudes, 
Lead 


8 tibility 
No. Source of Crude. H.U.C.R. (8). 
1 California ole é. oe -- 84 0-54 
= Mid-Continent .. in - -- 499 0-40 
West Texas 5-17 0-36 
2 Dubbs cracked "gasoline from mixed 
Mid- Ts and West Texas 
crudes . ; é ‘ 5-61 0-35 
. Burma .. r “ = -- &659 0-34 
Persia ¥ ak od i. 0-29 
29 Rumania. . 4-91 0-22 


It is interesting to compare, for instance, gasoline from California 
crude with that from Burma crude. The latter has the higher 
H.U.C.R., but if we dope both of these gasolines with 0-7 ml. of 
tetraethyl lead per gallon, the H.U.C.R. of both will be raised 
to 5-8. At concentrations of tetraethyl lead greater than this, 
the California gasoline has the higher H.U.C.R. 


Errect or VOLATILITY ON THE H.U.C.R. anp Leap 
SUSCEPTIBILITY. 


In the preliminary experiments on the H.U.C.R. of various 
gasolines and on the action of tetraethyl lead on these, it was 
noted that, in a general way, the more volatile gasolines required 
less tetraethyl lead to reach a certain anti-knock rating, which 
fact was not wholly accounted for by their higher H.U.C.R. Some 
time ago, the authors had occasion to carry out some experiments 
to determine the effect of the volatility of a gasoline on its H.U.C.R. 
In order to get comparable results, it was necessary to express the 
volatility in terms of a single figure, and after some discussion it 
was decided to take the dew-point as determined in a modified 
ferm of the Whatmough apparatus as the measurement of vola- 
tility. Gasolines from different crudes were redistilled into several 
fractions in a small experimental continuous still, and the H.U.C.R. 
and dew-point determined on the distillate and residue of each 
fraction and also on the original gasoline. As a result of this 
work it was found that in the case of straight run gasolines from 
any one crude the H.U.C.R. was an inverse linear function of the 
dew-point, as shown for five typical cases in Fig. 3. This straight 
line relation has been found to exist in practically all the cases 
investigated, covering about 15 different crudes. It does not 
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hold, however, in the case of cracked gasolines, or in the case of 
straight run gasolines which have a disproportionate amount of 
very heavy ends. 

Following on this investigation, those fractions from crudes 
B, C and D (Fig. 3) were doped with tetraethyl lead and their lead 
susceptibilities determined. Fig. 4 shows the results of plotting 
the lead susceptibility against the dew-point of the gasoline and 
indicates that the lead susceptibility is also approximately an 
inverse linear function of the dew-point. In the case of both 
relationships, a different curve is obtained for each crude. 
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Dew-Point of Gasoline, deg. fahr. 
Fie. 3. 
EFFECT OF VOLATILITY OF UNDOPED GASOLINE ON ITS H.U.C.R. 


From the above it would seem evident that a natural gasoline 
would have a fairly high H.U.C.R. and also a very high lead sus- 
ceptibility. Experiments with this material were difficult to run, 
owing to the trouble of vapour locking in the fuel lines of the 
testing engine. However, the few experiments which were made 
on this material showed that its anti-knock characteristics were 
about what would be expected from its low dew-point. It has a 
high lead susceptibility, and is effective in raising the lead suscepti- 
bilities of other fuels with which it is blended, even when used in 
quantities too small to affect appreciably the initial H.U.C.R. 
This is shown for a few typical cases in Table III. 
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Taste III. 
Effect of Natural Gasoline on H.U.C.R. and Lead Susceptibility. 


No. Description. H.U.C.R._ S. 
17 Mid-Continent and West Texas nate run .. 409 
17a 85% No. 17 + 15% natural. .. §03 
24 Mid-Continent straight run .. ee os -. 498 
24a 85% No. 24 + 15% natural. ss 44 -. 506 
30 West Texas straight run + . .. &18 
30a 70% No. 30 + 30% stabilised natural #5 oe 
308 Stabilised natural used with No. 30a ea .. 5-60 
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EFFECT OF VOLATILITY ON LEAD SUSCEPTIBILITY. 


Errect or Composition ON LEAD SUSCEPTIBILITY. 


The influence of the composition of a gasoline on its H.U.C.R. 
and lead susceptibility is also shown, to a certain extent, by blending 
a straight run with natural and with cracked gasoline and comparing 
the two blends. Small quantities of natural, as previously stated, 
have little effect on either the H.U.C.R. or the dew-point, but 
usually have a marked tendency to raise the lead susceptibility. 

_On the other hand, if a straight run is blended with cracked, the 

H.U.C.R. is raised while the lead susceptibility is usually decreased, 

as shown in Table IV. Apparently the low lead susceptibilities 
P 
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of cracked gasolines are not in proportion to their high H.U.C.R.» 
though the reason for this fact is not fully understood :— 


Taste IV. 
Effect of Adding Cracked Stock to Straight Run Gasoline. 

No. Description. H.U.C.R. 8. 
10 Mid-Continent straight run .. os se -. 489 
10a 70% No. 10+ 30% cracked . Ke -. &13 
13 Texas straight run, 400° F. end point be -- &13 
13a 70% No. 13 + 30% cracked pe a 
19 Texas straight run, 375% F. end point an -- 6&20 
19a 70% No. 19 + 30% cracked ane O68 
21 Texas straight run, 400° F. end point ee oo One 
21a 70% No. 21 + 30% cracked ws -- §&29 
27 Tease straight run, 375° F. end point + -- &19 

27a 70% No. 27 + 30% cracked 5-34 0-30 
“ Doctor” treatment reduces the H. U. C. R. of a gasoline dis- 
tinctly, though it does not have much effect on the lead suscepti- 
bility. Table V. shows the results of doctor treating three different 


samples, two of cracked and one of straight run :— 


TABLE V. 
Effect of ‘‘ Doctor’ Treatment on H.U.C.R. and Lead Susceptibility. 


Description of Gasoline. H.U.C.R. 8. 
West Texas straight run, 390° F. end point, untreated 5-30 0-32 
i treated 5-06 0-32 
Crac sked, 375° F. end point, ‘untreated ze -- 561 0-35 
treated oe -- 68657 0-37 
Cracked, 400° F. end point, untreated Poe -- 5852 0-35 
treated ee -- 5&37 0-36 
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The relative effects of doctor treatment, or of blending with 
natural or with cracked gasoline, are shown graphically in Fig. 5. 
Suppose, for instance, that it is desired to make an ethylised 
gasoline having an H.U.C.R. of 6-0. The Texas straight run is 
seen to require 3-4 ml. of tetraethyl lead per gallon (U.S.), which 
is increased to 4-1 if it is doctor treated. If, instead of being 
doctor treated, the original sample is blended with 27 per cent. 
cracked having an H.U.C.R. of 5-55, the H.U.C.R. of the blend is 
raised to 5-3, but the lead susceptibility is lowered to such an 
extent that approximately the same proportion of “tetraethyl 
lead is required to raise the H.U.C.R. of the blend to 6-0, i.e., 
3-4 ml. of tetraethyl lead. If, instead of blending the straight 
run material with cracked gasoline, it is blended with about 10 per 
cent. natural, the H.U.C.R. is raised slightly (only about 0-05), 
but the lead susceptibility is increased considerably so that only 
about 2-4 ml. of tetraethyl lead per gallon are required to obtain 
the desired H.U.C.R. Thus in this particular instance, natural 
is very much more effective than the cracked gasoline in reducing 
the amount of tetraethy] lead required to meet a given specification. 
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Unfortunately, however, the quantity of natural that can be 
blended with a given gasoline is limited by other considerations, 
the most important of which is the danger of vapour-locking 
trouble in hot weather, so it is doubly unfortunate that the com- 
pounds which are liable to give vapour-locking trouble are probably 
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6.2-Figure 5. 
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EFFECT OF BLENDING AND TREATMENT ON H.U.C.R. AT DIFFERENT 
CONCENTRATIONS. 
(1) Texas Straight Run Benzine. 
(2) No. 1.—Doctor ited. 
(3) 27% Cracked benzine + 73% No. 1. 
(4) 10% Casinghead + 90% No. 1. 
the same compounds which are most effective in raising lead 
susceptibility. Recent tests on another type of engine have 
shown that about 6 per cent. of butane is approximately equal in 
effectiveness to 15 to 20 per cent. of stabilised natural gasoline 
in raising the lead susceptibility. 
P2 
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In regard to the use of cracked stock for reducing the amount 
of tetraethyl lead required to meet given H.U.C.R. specifications, 
in general, unless this material has an exceptionally high H.U.C.R., 
it will have to be used in fairly large proportions to be very effective, 
because of its influence in lowering the susceptibility. Doctor 
treatment is generally found to increase the amount of tetraethyl 
lead required to meet a given specification. There is some evidence 
that certain types of sulphur compounds may have an appreciable 
effect on the lead susceptibility of a gasoline. 

The following apparent anomaly is interesting. A gasoline of 
H.U.C.R. 5-0, for example, is blended with 1-0 ml. tetraethyl lead 
per gallon, which raises the H.U.C.R. to 5-4. When this blend is 
mixed in equal proportions with an undoped straight run gasoline 
of H.U.C.R. 5-4, the resulting material will have an H.U.C.R. of 
over 5-4. This effect is due to the fact that the effectiveness of 
tetraethyl lead decreases with increasing concentrations so that the 
0-5 ml. of tetraethyl lead per gallon in the final mixture produces 
an increase in H.U.C.R., which is more than half as great as that 
produced by the 1-0 ml. per gallon in the first gasoline. This 
anomaly is emphasised if the lead susceptibility of the gasoline of 
higher H.U.C.R. is greater than that of the gasoline to be doped. 


ConcLupING REMARKS. 


Recent developments in anti-knock testing have tended toward 
the standardisation of the use of octane numbers as an index of 
the anti-knock value of gasolines, and the question arises as to 
whether there is a simple relationship between octane number and 
lead susceptibility. 

It will be noted from Table I. that the values of K show excellent 
agreement. It would appear, therefore, that K may have some 
fundamental significance, though it is not known just what the 
latter is. This is not entirely unexpected, since H.U.C.R. is a 
function of volume and hence of length, on whichever engine it is 
determined. On the other hand, octane number, from its nature, 
cannot be expressed in a simple manner in terms of the fundamental 
units of time, length or mass. It would not be expected, therefore, 
that octane number and lead susceptibility would show as simple a 
relationship as H.U.C.R. and lead susceptibility. 

It is recognised that a number of points remain to be settled 
before our knowledge of the action of tetraethyl lead in suppressing 
detonation is complete, and it is hoped that the foregoing informa- 
tion may be of some assistance in attaining this goal. 

The authors wish to express their indebtedness to the Management 
of the Royal Dutch Shell Group for permitting the publication of 
the results of this research. 





Cementation of Oil Wells with the Use of an Accelerator.* 


By Korepanorr and MvcHINsKY. 


THe INFLUENCE OF TEMPERATURE. 


As drilling depths increase, so the temperature at the bottom of 
the hole increases. In some districts the increase in temperature 
is small, whereas in others, such as the Grozny district, this increase 
in temperature is considerable, and often reaches 90-100°C. A 
difference in thermal gradient is observed not only in respect of 
various districts, but also in respect of various plots in the same 
district. When cementing, this fact has to be taken into consider- 
ation, and respective deductions have to be made. Is an accelerator 
necessary ? What percentage solution is to be used? Of what 
density is the solution to be? Is it necessary to add the accelerator 
to the whole quantity of cement, etc. ? 

We have considered previously the influence of the quantity of 
water on the initial and final set of the cement mix with and 
without an accelerator. Now we have to examine the influence of 
temperature on a cement solution in the presence of an accelerator 
and without it. 

Experiments on the influence of temperature were carried out 
with the same solutions as used when investigating the influence 
of water, i.c., with a normal mix (23-5 per cent.), with a mixture 
of 40 per cent. of water and with the slurries (50 and 70 per cent.) 
used in boring. The amount of the accelerator used was the same as 
before, i.e., from } percent. to 5 per cent. The process of setting of 
cement solutions was studied at the following temperatures :— 

Normal (18—22° C.) 50, 70 and 90°C. The cement mixture was 
prepared in the usual way and put into ebonite moulds and placed 
in an air electro-thermostat. The samples were prepared with 
the quick-setting cement (the physical properties, mechanical 
qualities and the chemical analysis of which were given before). 
The results of setting are given in Table I. 

It can be seen from Table I. that, in respect of all the four 
solutions, the temperature has a considerable influence on the 
setting by quickening it many times. The higher the temperature 
the more intensive is the process of setting. The setting starts 
considerably sooner, and the final set approaches the initial, thus 
reducing the duration of setting. 
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With the addition of an accelerator, the process of setting is 
quickened, and the influence of temperature in such cases is not so 
evident. The accelerator in all mixes quickens the setting at any 
temperature, with the only difference that at high temperatures 
its action is delayed, and it loses its effectiveness. At temperatures 
of 90° C. and higher, the use of an accelerator may be unnecessary. 
For illustration, curves are given showing the setting times of 
70 per cent. solution at normal temperature (Fig. 1), at 50°C. 
(Fig. 2), at 70° C. (Fig. 3), and 90° C. (Fig. 4), from which diagrams 
can be clearly seen the influence of the temperature and of the 
accelerator. For denser solutions, the curves will have a simllar 
character. With the simultaneous actions of the factors of 
temperature and of the accelerator the setting takes place under 
joint influence of these two factors. The time required for the 
process of setting can be theoretically calculated with sufficient 
approximation. It is only necessary to know the influence of the - 
accelerator on the setting of cement under normal temperature 
(temperature of the room), and the influence of the temperature 
on the setting of a pure cement slurry. Having these two 
quantities, it is easy to calculate the initial and final setting times 
at any temperature given in advance, with given percentages of 
the accelerator by consideration of the independent action of 
these two factors. As an example, let us calculate the initial and 
final setting times for a 70 per cent. mix with 5 per cent. of CaCl, 
at a temperature of 90°C., using the data of Table I. A 70 per 
cent. mix without the accelerator under normal temperature has 
an initial of 7 hours 1 minute ; with the addition of 5 per cent. 
CaCl, the initial is 2 hours 50 minutes ; the initial at 90° C. for a mix 
without an accelerator will be in 1 hour 40 minutes. Consequently, 
under normal temperature, 5 per cent. CaCl, accelerates the initial 


set by 7 house 2 saiaate = 2-4 times. The temperature of 90° C. 


2 hours 50 minutes 





7 hours 1 minute 


= 42 ti , con- 
1 hour 40 minutes — oe 





accelerates the initial set by 


sequently the total acceleration will be 2-4 plus 4-2 = 6-6 times. 
Dividing the time required for the initial set at normal temperature 
without the accelerator by the above index we have’:— 


7 hours 1 minute 


= 64 minutes = | hour 4 minutes. 





6-6 
Actually, when experimenting with the 70 per cent. mix with 
5 per cent. CaCl, we find the initial to be 1 hour 6 minutes. Calcu- 
lating the final set in the same way, we get 1 hour 30 minutes, 
whereas actually the final set takes place in 1 hour 31 minutes. 
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The difference between the time calculated and the time required 
in practice is inconsiderable and does not exceed the discrepancies 
in experimenting. 

To bring our experiments closer to the natural conditions of 
well boring, we made simultaneous experiments with samples kept 
in warm water at the temperatures of 50°, 70° and 90° C. - The bath 
was warmed by electric current, the samples were mixed with a 
normal quantity of water—50 and 70 per cent., and the moulds 
immediately upon filling were immersed in water. The results are 
given in Table II. 

Comparing the data with that given in Table I., we see that 
the conditions under which the setting is examined have an im- 
portant influence in respect of the setting, and especially in respect 
of the time required for the latter. In the first case, when the 
setting was taking place in an air thermostat, the initial set was 
usually earlier than in the case when the observation was effected 
under water. The influence of the surrounding medium has a 
still larger effect on final set times. The difference between 
initial and final sets is greater when the process takes place under 
water. With an increase in the percentage of the accelerator 
the difference decreases. 

Let us now see whether there is sufficient time for successful 
completion of cementation when we have a boring with a high 
temperature. We think that the cementation would be successfully 
completed in time even with the use of the accelerator in small 
quantities (1 per cent. at a temperature of 70° C.). 

The practice of cementation in the Grozny district established 
the fact that the operation of cementation is usually completed 
within 1 hour to 2 hours 30 minutes. There is hope that this 
time may be still further shortened. During this period the cement 
is mixed, pumped into the hole and forced behind the casing. 
The cement solution does not get all at once into the boring, but 
as fast as it is pumped into it, and the high temperature does not 
act at once on the mixture, the whole of which will not immediately 
reach the temperature of the bottom of the boring (the samples 
in our experiments were of comparatively small size and a small 
amount of cement was mixed, whereas the capacity of the ther- 
mostat was large). The cement mixture will be subject to the 
action of the high temperature only in the second half of the time 
allocated for cementation—i.e., after the cement is pumped in 
when the mix is forced behind the casing. Besides, as proved 
by the experiments of Muravieff, the agitation of the cement 
solution during pumping and placing delays the initial set, and 
brings it nearer the final. Further, the cement slurry, upon getting 
into the well, comes into contact with mud, oil, well waters and 
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gases, some of which, as you will see below, retard the setting. 
Besides, our observations have shown that, in actual practice, the 
cement mixes usually pumped into wells more often contain over 
70 per cent. of water. Excess water is generally used when the 
amount is uncontrolled. According to our data, the initial set of a 
70 per cent. solution at 70° C. takes place in 2 hours 17 minutes, 
and, with 2 per cent. of accelerator, in 1 hour 29 minutes, which 
gives quite long enough for a successful cement job. Of course, 
for each separate case, it is necessary to take into account the action 
on the cement of various factors mentioned above, and to work 
out an estimated time for the completion of the job before making 
a decision as to whether or not, and in what proportion, to use 
an accelerator. Tape IIL 
Cement 
mix Ac- Tensile tests kilos per sq. cm. 
W/C celer- " 
ratio. ator. 10 i 4 Temper- 
% % ‘ . days. °C. days. . ys. ature. 
24 . 53° 57: 56-9 , , Normal. 
a «f . 53 . 60-2 . 
, 57-1 
49-9 
45-7 
43-2 
40-0 
25-0 
28-1 
29-4 
29-8 
23-6 ; ’ 29-8 
21-7 , 28-7 
21-3 33-7 “2 » 28-7 
22-1 22-9 25- 16-6 
23-2 25-5 27- 17-6 
23-4 26-5 , , 20-2 
25-5 26-4 , 22-2 
27°5 26-5 ; ’ 22-8 
27-7 27-0 : , 23-4 
27°5 28-0 , 20-8 
12-0 15-0 , 9-5 
13-9 16-4 ° . 10-9 
14-3 17-0 ‘ , 12-4 
15-4 19-0 “6 % 15-1 
16-3 19-7 ° 16-5 
17-4 20-0 . , 17-1 


the process of hardening of cement mixes. As in the case of 
setting, the temperature has a great influence on the hardening 
of cement solutions; with the increase of the temperature, the 
process of hardening is accelerated, In the first few days after 
mixing, the strength of the cement reaches figures corresponding 
to longer periods at a normal temperature. In Table III. are 
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given the average figures of tensile strength of the cements with 
24, 40, 50 and 70 per cent. water taken with and without the 
accelerator. The samples were kept under water in an electric 
bath at a temperature of 75° C., and were tested at short intervals 
in 4, 7 and 10 days’ time. We considered it to be unnecessary 
to keep the samples for a longer period, as the 10 days has proved 
to be quite sufficient not only for the cementation with the use 
of the accelerator, but even without the latter, and after this time 
the required strength of the cement is assured. 

Comparing the results of the tensile test of samples kept at a 
normal temperature and at a temperature of 75°C., we observe 
that, with the exception of the 24 per cent. solution, the higher 
temperature increases the strength of all mixtures tested. The 
increased strength is especially noticeable after 4 and 7 days during 
the commencing stage. For a solution of 40 per cent. of water 
without accelerator at a normal temperature we get 25-0 Kgr./sq. cm. 
in four days, but at 75°C. we already get a strength of 
29-2 Kgr./sq. cm. within the same time—viz., an increase by 
17 per cent. After 7 days the increase of the strength is slowed 
down. Any addition of accelerator to the solution somewhat 
lowers the strength. The process of hardening of the cement 
with 50 per cent. water is practically complete in 4 days’ time, 
and at the end of 7 and 10 days there is only an inconsiderable 
increase in the strength. The accelerator quickens the hardening 
in proportion to the quantity added. With an addition of 2 per 
cent. of the accelerator we get a strength of 22-2 Kgr./sq. cm. 
at a normal temperature within 4 days, whereas at, 75° C. we get 
25-5 Kgr./sq.cm. within the same period, an increase by 15 per cent. 
Without the accelerator at a normal temperature we get in 4 
days’ time a strength of 16-6 Kgr./sq. cm. at a normal temperature, 
and 22-1 Kgr./sq. cm. at 75°C. an increase by 34 per cent. 

For a mix containing 70 per cent. water we have a rather sharp 
increase in strength associated with an increased percentage of 
the accelerator. For the normal mix (23-5 per cent. W/C ratio) 
setting, both under normal conditions, 18-22°C., and at high 
temperature, the accelerator reduces the strength, which is ex- 
plained by the fact that in the said normal mixes the accelerator 
takes away from the cement the water required by the latter 
(the process thus going on with a shortage of water), For mixtures 
with 50 and 70 per cent. of water (Figs. 5 and 6 respectively) we 
give diagrams showing the influence of the accelerator at a tempera- 
ture of 75°C. In Fig. 7 are given the average results of com- 
pression tests for 70 per cent. mixes. The samples were kept at a 
steady temperature at 75°C. in water. As with the tensile test, 
we can see here the acceleration of hardening under increased 
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temperature ; after 4 days the strength is 116 Kgr./sq. cm. at 
a normal temperature and 181 Kgr./sq. cm. at 75°C. (increase 
of 56 per cent.). For a mix with 2 per cent. of the accelerator 
we find 165 Kgr./sq. cm. at normal temperature and 208 Kgr./sq. cm. 
at 75°C. (increase of 26 per cent.). After 7 days the hardening 
is slower and, therefore, it is not worth while keeping the wells 
idle for more than 4 or 7 days for the sake of small increase in 
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strength. Fig. 7 gives curves based on Table III. In this way we 
arrive at the following conclusions: that high temperature has a 
great influence on the setting times of the various mixes accelerating 
many times the initial and the final sets as well as the hardening, 
but the latter not to such an extent as the setting. Under high 
temperature the accelerator has less influence than the temperature, 
and, generally speaking, the action of the accelerator under high 
temperature is retarded and its importance reduced. At 90°C. 
or over the use of the accelerator is not required unless other 
conditions of the boring retard the setting. 
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INFLUENCE OF PRESSURE. 

The setting and hardening of cement solutions in the actual 
borings take place under pressure. The pressure of the water 
column or of the mud often reaches 100 atmospheres (depth of 
boring 1000 m.). We, therefore, experimented with the setting 
and hardening of the cement solutions to find the influence affected 
by the pressure. The test pieces were kept in the apparatus 
shown in Fig. 8 under pressures of 25, 50 and 100 atmospheres, 
experiments being simultaneously conducted under normal pressures. 
All test pieces were kept under water. 
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It is necessary to mention that our experiments in respect of 
setting under high pressure cannot pretend to be of great accuracy, 
as the conditions of experimenting are complicated and require 
to be to some extent automatic. We limited our experiments 
to an approximate method, viz., the test pieces were placed into 
the apparatus (Fig. 8), which was hermetically sealed with a lid, 
after which the required water pressure was created. The times 
for the initial and final sets were ascertained previously on test 
pieces at normal pressure. At certain fixed times the lid of the 
apparatus was opened and measurements were immediately made 
as to the extent of setting. When we did not catch the initial or 
final set, the experiment was repeated, i.e., the cement was mixed 
afresh and the setting was measured in the same way until required 
results were obtained, such results being shown in Table IV. 
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These figures show that the pressure has a considerable influence 
on the setting. With increase of pressure the initial and final sets 
take place earlier. In our experiments this acceleration of setting 
was observed over the whole range from 0/100atm. From 
Table IV. and Figs. 9 and 10 we can see that the maximum influ- 
ence on the setting occurs at pressures up to 50 atm. as with further 
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increase of the pressure we get a more level curve, and evidently 
an increase over 100 atm. will have still less influence. The influ- 
ence of pressure is at the same rate for solutions without and with 
2 per cent. of the accelerator (CaCl ,) (Fig. 10). For 70 per cent. 
solution without accelerator the initial under normal pressure 
takes place in 7 hours and 23 minutes, under a pressure of 100 atm. 
in 4 hours 18 minutes, or by 3 hours 5 minutes earlier (reduction 
of 42 per cent.). The final set under normal temperature takes 
place in 9 hours 52 minutes, under 100 atm. pressure in 7 hours 
27 minutes, or by 2 hours 25 minutes sooner (reduction of 26 per 
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cent.). The same solution with 2 per cent. of accelerator gives 
the same proportion. For the 50 per cent. and the normal (24 per 
cent.) solutions we have, in all cases, a change in the process of 
setting, as a result of pressure, and the higher the pressure was 
taken the more the process of setting was accelerated. From the 
data given by Mr. Tickell (Oilfield Hngr., Sept., 1928) it would 
seem that pressure has a small influence on the setting, and then 
only during the first stages (up to pressure of 25 atm.) the curve 
further on changing to a horizontal line. In our experiment the 
pressure along the whole range up to 100 atm. has a very important 
influence, and the times for the initial as well as for the final set 
are reduced. The difference in the results is probably to be 
explained by the difference in the methods of experimenting and 
of the properties of different cements, etc. Mr. Tickell, in his 
experiments, took measurements of the setting directly in the 
autoclave, and the rod in which the needle was fastened was passed 
through a stuffing box. Besides, the measuring of the set points 
was effected by electric methods, and therefore there was a new 
changeable factor which undoubtedly affected the accuracy of 
the experiment. In our experiment the measuring of the setting 
was effected directly with the Wicks needle, and in respect of all 
testing pieces we had an acceleration from the increase of 
pressure. 

The curves of the initial and of final sets on Fig. 9 separate with 
an increase of pressure due to the fact that the factor of pressure 
has a greater influence on the initial set. The curves in Fig. 10 
(referring to the solution with 2 per cent. of the accelerator) show 
just the reverse, and approach each other with increase of pressure. 
This, of course, is the result of the different influence of the pressure 
in respect of the initial and final sets. 


The acceleration of the process of setting by the increase of 
pressure may evidently be explained by the fact that the particles 
of cement are brought more closely together with the pressure, and 
the excess of water is in this way pressed out of the solution, 
consequently the density of the solution is increased, and the 
process is intensified. 

The ascertaining of the influence of the factor of pressure in 
respect of the hardening of the cements was conducted in the 
same apparatus. As in the case of setting we prepared test pieces 
containing normal amount of water, also with 50 and 70 per cent. 
of water without the accelerator and with 2 per cent. of the 
accelerator. These test pieces were kept for four and seven days 
in water under a pressure of 25, 50 and 100 atm., also at a normal 
pressure for comparison. Results are given in Table V. 
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Comparing separately the results obtained without the accelerator 
and with 2 per cent. of the accelerator we see that in respect of all 
solutions the factor of pressure has a certain influence on the 
hardening. With an increase of pressure the strength of the set 
cements increases. It is true that the increase is small, but it is 
evident in respect of all the tests. The increase is slightly more 
pronounced in the results after seven days period where the increase 
amounts to 1-3 times for the normal solutions, and is even greater 
for others. 

Therefore, we may take it that the pressure has an important 
influence on the setting of cements, especially of the more liquid 


slurries. The higher the pressure the quicker is the setting. In 
the same direction does the pressure affect the hardening. These 
phenomena take place in the case of pure cement slurries as well 
as in the case of cement slurries with the addition of the accelerator. 
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Deze Borznotz Surveys anp Propitems. M. H. Haddock. London: 
McGraw-Hill Publishing Co., 1931. Pp. vii.+296. 2s. 


There is no doubt that this book, which is claimed to be the first compre- 
hensive treatise on the subject of well surveying, will be welcomed by all 


iples 
surveying are reviewed, and a detailed technical 
very large number of instruments which have been evolved for use both in 
the mining and oil industries. Many of those which have been used in mining 
will probably be new to most oilmen. 

preter eee, be tee ee ge a ee ee at, emery wg 
surveying and correction of crooked holes has become an important one 
in the oil industry. The deviation of cable tool drilled wells of moderate 
depth was not sufficient to be of economic importance, but, in the deep wells 
now being drilled with modern rotary equipment, it is generally 
that precautions to maintain deviation of the wells within reasonable limits 
are essential. In the forefront of such precautions is, of course, the deter- 
mination of the actual deviation at any depth. na ew ger ng 
made by the earliest exploiters of various methods of surveying oil wells. 
A new science in oilfield work was acclaimed, and few realised that this was 
a subject which had been tackled in the mining industry for some considerable 
time; and those who did, knew of no authoritative work of reference. Mr. 
Haddock’s book fills that need. 

To take a concrete example, the Martienssen Gyroscopic Instrument 
(Kiel Nautical Instrument Company), described in detail with full illustra- 
tions on pages 211 to 216, has been in practical use in coal miming since 
1914. Although the well surveying boom in the oil industry began about 
1928, this instrument, one of the most accurate directional ones on the market, 
was not adapted for oilfield use until 1930. 

A point not mentioned by Mr. Haddock is that gyroscopic instruments 

are extremely expensive, both in first cost, operation and maintenance. 
In fact, the economic aspect of well surveying is not dealt with at all by 
Mr. Haddock. One is inclined to suggest that, in a future edition, the value 
of the book to the average oilfield operator would be much enhanced if a 
chapter were added briefly reviewing from a selective economic point of 
view the large numbers of instruments technically described in detail and 
eliminating obsolete instruments or instruments of only academic or historical 
interest. The factors which the operator will wish to consider in selecting 
a@ method or instrument for his specific purposes are degree of accuracy 
(there is no point in him paying for greater accuracy than he requires), first 
cost, cost of operation and maintenance, whether specially trained technical 
staff are necessary, what transport is required, drilling time lost in making 
each survey, what danger of fishing jobs involved, whether instrument being 
marketed and readily obtainable, whether already tried out by other 
companies with satisfactory results, etc. 

It should also be appreciated that this book does not deal with the allied 
subject of prevention and correction of deviation in wells, and there is scope 
in oilfield literature for such a work. 
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In conclusion, Mr. Haddock is to be congratulated on the amount of accurate 
and detailed information which is assembled and clearly presented and 
illustrated. There is little or no scope for controversial discussion as the 
book is mainly a statement of facts. There will, however, be many in the 
oil industry who will dispute the statement in the first two lines of the preface 
that much litigation could be avoided by a correct knowledge of the course 
of deep boreholes. In fact, the fear of litigation resultant on such knowledge 
is perhaps the strongest deterrent to directional eens ed 
operators on closely drilled competitive oilfields. Commins. 


Hyprierune, Der Konten, TeerE unp Mrvneratétze. Dr. Ernst Galle. 
(Band XXVII. der “Technischen Fortschrittsberichte.”). Pp. 111. 
Dresden, 1932. Theodor Steinkopff. R.M. 9, geb. R.M. 10. 

Chapter I. (pp. 1-12) gives as an introduction, statistical material in con- 
nection with the world production of crude oil, and some energetic data, the 
consumption of oil and the number of motor-cars in the different countries, 
the absolute and relative number of ships using liquid fuel, the production of 
coal, brown coal and benzene. The second part of this chapter deals with 
the efforts made till 1918 to hydrogenate different raw materials in order to 
produce more valuable motor fuels and lubricating oils (pp. 12-23). This 
is done systematically : (1) by experiments at atmospheric pressure without 
catalysts ; (2) at high pressure without catalysts (Bergius, c.s.); (3) at atmo- 
spheric pressure, with catalysts in the vapour phase (Sabatier c.s.) and in 
the liquid phase (Willst&tter and others); (4) with catalysts at moderate 
pressures ; (5) with catalysts at high pressure. Tables, with a summary of 
the corresponding patents, are added. The second chapter (pp. 23-90) is 
important as it deals with the results obtained from 1918 tillnow. The same 
order as in Chapter I. is followed—first the non-catalytic processes and then 
the catalytic processes. The hydrogenation with nascent hydrogen (Fischer 
and Schrader), active hydrogen (de Hemptinne), and especially the work of 
Bergius (non-catalytic high pressure process), pp. 32-50, are discussed 
tho 

At the end of each subject are also given tables of patents. Pages 50-67 
treat the catalytic processes under atmospheric pressure and under compara- 
tively low pressures (e.g., 15-20 kg/em*). The most important part, 
pp. 68-90, discusses the catalytic high pressure processes, the I.G. methods 
for the manufacture of gasoline from brown coal, the hydrogen preparation 
connected herewith and the apparata used. Also the results obtained by 
the Standard Oil Co. in Baton rouge (Haslam and Russell c.s.) are discussed 
here, and the processes worked out by this concern. The relative patents 
connected with these subjects, the apparata included, are united in a very 
clearly written table. Attention is also given to recent literature. 

The author of this review has the opinion that Galle has treated the hydro- 
genation problems very thoroughly from a technical standpoint and in a 
very clear and systematical way. 

Pages 90-105 finally treat the technical economical problems. Also this 
chapter is up-to-date and discusses, ¢.g., the working scheme of the production 
of gasoline from tar or heavy mineral oil (p. 100). 

H. I. WaTeRMan. 
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BOOKS RECEIVED 
Sympostum on Errect or TEMPERATURE ON THE PrRopPERtTizs oF MeErTats. 
A.S.T.M. and A.S.M.E. 1932. Pp. 829. 

The demand for information on the high-temperature properties of metals 
resulted in the formation of a Joint Research Committee by the 
Society for Testing Materials and the American Society of 

of 


American 


Engineers on the Effect of Temperature on the Properties of Metals. A 
symposium on this subject was held in 1924, and since that date the work 
accomplished has been published in the proceedings of these societies. A 
second symposium was arranged-in June, 1931, and the twenty-seven papers, 
and the discussions thereon, are brought together in the present volume. The 
book is divided into two general sections, one dealing with Engineering Trends 
and Requirements for Metals at High and Low Temperatures, and the other 
with Properties of Available Metals for High- and Low-Temperature Service. 

As a ready reference volume to specific and general topics in relation to 
temperature effect on metals, the book should prove of great value, and it 
also includes a bibliography of 600 annotated references. 

The book may be obtained from the A.S.T.M., 1315, Spruce Street, Phila- 
delphia, or the A.S.M.E., 29 W. 39th Street, New York City, at $6.0 per 
copy for 1 to 9 copies, $5-75 for 10 to 24, $5-50 for 25 to 49, and $5-0 for 
50 and over. 


CHEMISTRY AT THE CENTENARY (1931) MzereTING or THE BritisH Associs- 
tion. Pp. xi.+272. Cambridge: W. Heffer & Sons, Ltd. 1932. 
7s. 6d. net. 

This volume contains the only complete record of the Proceedings of the 
Chemistry Section of the British Association at its Centenary Meeting. 
Everyone interested in Biochemistry and Physical Chemistry should find 
the volume of considerable interest and value, and in addition the Symposium 
on the British Fuel Problem deals with a subject which is of great national 
importance at the present moment. 


Soorery oF Cuemicat Inpustry Reports on APPLIED CHEMISTRY FOR 1931. 
Pp. 748. London, 1932. Society of Chemical Industry. 12s. 6d. 
(To members of the Society, 7s. 6d.) 

The chapter on Mineral Oils, by Prof. Nash and Dr. Bowen, is sub-divided 
into sections upon: Crude Oil; Breaking Down Oil Emulsions; Shale and 
Shale Oil; Natural Gas, Pyrolysis of Gases, Carbon Black; Refinery Plant ; 
Refining; Petrols and Motor Fuels; Flame Propagation, Antidetonation ; 
Kerosene; Lubricating Oils; Insulating Oils; Fuel Oil; Asphalts and 
Bitumens; Cracking; Hydrogenation; Analysis and Testing; Insecticides 
and Fungicides; and the Production of Intermediates, etc., from Mineral 
Oils and Hydrocarbon Gases. 

In the past year there have been no outstanding developments in the 
chemistry and technology of mineral oils, but a very large number of valuable 
contributions on subjects pertaining to the above sections have been put 
forward. Reference is made to about 360 original papers and patents. 

In the publications upon refinery plant, the recerit improvements in dis- 
tillation equipment have been chiefly directed towatds development on the 
single-flash principle and in the correct proportioning of radiant and convec- 
tion heat in tubular stills; also by maintaining turbulent flow in the tubes 
so that the oil need no longer be heated to a temperature beyond that necessary 
to produce vaporisation in the flash chamber. In refining, progress has been 
made with regard to colour removal, the stabilisation of oils, and the elimina- 
tion of sulphur and other impurities. In the recovery of gasoline from field 
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and other gases, pressure absorption continues to find favour. Several new 
refining agents have been mentioned for petrols, and gum prevention has 
received some attention. 

Interesting experiments upon the nature of combustion in a gasoline 
engine using chemical, photographic and spectroscopic methods have been 
described. The detonation characteristics of twenty-seven paraffin hydro- 
carbons and twenty-five olefins provide much new material for the rating of 
such hydrocarbons and determination of the effect of chemical structure upon 
anti-knock value. 

Several new details of refining processes for lubricating oils have been 
described, and the treatment of lubricating oil fractions with alcohol, in order 
to obtain further separation into fractions, is a process worthy of note. 
Synthetic lubricating oils prepared by the action of aluminium chloride 
upon @ series of pure straight and closed chain unsaturated hydrocarbons, 
and upon cracked petrols, appear to throw light upon the chemical constitu- 
tion of petroleum lubricating oils. Wax has received some attention both 
from the point of view of its crystalline and chemical nature, and also from 
a technological point of view as regards sweating. 

Asphaltic bitumens have been described fully as regards the significance 
of physical tests, and many new patents have appeared upon bituminous 
emulsions for road making, paper- -waterproofing and other purposes. 

As regards cracking, reviewing the usual large number of patents and 
papers, few of the described processes are new, being mainly improvements 
of existing design. Fractional cracking is described, and several catalysts 
are quoted for certain cracking processes. A theoretical treatment of cracking 
is abstracted. The hydrogenation section contains a reference to the first 
published statements of the semi-technical coal hydrogenation process worked 
out in this country. Among the new processes described there is a notice- 
able tendency towards development upon a two-stage basis, where either an 
initial cracking, or liquid- or vapour-phase hydrogenation of oil or coal, 
is followed by vapour-phase hydrogenation of the lighter oil produced. The 
hydrogenation reaction may find a universally wider application as a process 
for refining and up-grading inferior oils than as an actual means for the 
production of oil from bituminous material. 

The analysis and testing section includes new gas analysis apparatus, 
new methods for the determination of constituent classes of hydrocarbons 
in petrols, and methods for the determination of lead tetra-ethyl in doped 
spirit. Viscometry has received considerable attention from a theoretical 
point of view and also in the evolution of new means of measuring viscosity. 

Insecticides and fungicides still command attention owing to their import- 
ance in horticulture. Valuable mixtures for certain purposes are described. 
They contain petroleum oil fractions and oil fractions acting as carriers to 
toxic vegetable extracts. 

The production of chemical intermediates from mineral oils and hydro- 
carbon gases is treated at some length. Such researches are of profound 
importance in the study of the fuller uses of petroleum products. Oxidation 
and chlorination processes for hydrocarbons are described. The chemistry 
of the olefin hydrocarbons as regards conversion to alcohols has been referred 
to in some patents. The isolation of such pure hydrocarbons as n-octane, 
some isomeric hexanes and toluene from a fraction of Oklahoma crude oil is 
an advance in our knowledge of the chemistry of petrols. 

Sulphonates of mineral] oils and the amino-sulphonates have been described 
in the patent literature. These, and the resins produced from oil fractions, 
are examples of products of probable value in industry, the properties of 
which can only be determined by chemical research. 
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